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ft t 
We hereby describe a rapid approach to investigate gene expression in 
4 I ) human adult hearts by the random sequence analysis of a cDNA library. We have <i 
I partially sequenced 5164 independent clones from the human adult heart cDNA 
‘： library. After searching the sequences against GenBank/EMBL databases by our 
semi-automated system, 53.4% of the clones show no significant identity to any 
known genes, thus they constitute novel transcripts of the heart. 
In addition to the novel clones, our collection of cDNA clones 
representing known genes is a rich source of probe for isolating full length 
cDNAs. The presence of genes which have counterparts in other organisms 
allows us to speculate on their ftinctions in man. We have obtained a novel cDNA 
clone which is very similar in DNA and amino acid sequences to a rat/mouse 
cysteine-iich intestinal protein. Sequence analysis has shown that this human 
cysteine-rich heart protein (hCRHP) is a protein of 77 amino acids and possesses 
a LIM motif which is considered to be able to bind zinc. We have expressed 
hCRHP in E. coli using pAED4 as the vector. 
From the gene expression profile provided by the known genes, we have 
iii 
catalogued them into eleven categories according to their putative cellular 
i functions. We have also compared the expression profile of our heart cDNA 
library with that of the published brain cDNA libraries. The comparison allows 
us to identify tissue-specific genes and describe the differences in the pattern of 
gene expression in these two tissue types. We believe that this approach will be 
useful for revealing any changes in the level of expressing of heart-specific gene 
transcripts, in relation to growth, hypertrophy and disease states. 
iv 
] 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS « 
ABSTRACT 
TABLE OF CONTENTS v 
ABBREVIATIONS ix 
CHAPTER 1 INTRODUCTION 
1.1 General introduction 1 
1.2 Human genome project 5 
1.3 Organization of human genome 7 
1.4 Adult human heart cDNA library 9 
1.5 Gene expression in adult human heart 10 
1.6 Polymerase chain reaction 12 
1.7 Purification of PGR products 15 
1.8 Automated DNA sequencing 17 
1.9 Sequence analysis by electronic mail server 21 
1.10 Effects of agar and agarose on Vent™ and Taq DNA polymerases 23 
1.11 Transcription factors and zinc finger proteins 25 
1.12 LIM domain 28 
V 
1.13 Cysteine-rich intestinal protein 30 
CHAPTER 2 MATERIALS AND METHODS 
2.1 Plating out the adult human heart cDNA library 32 
2.2 Amplification by polymerase chain reaction 33 
2.3 Purification of the PCR products by Millipore filters 35 
2.4 Elimination of the purification of the PCR products before 36 
sequencing 
2.5 Cycle sequencing 37 
2.6 Unicycle sequencing 38 
2.7 Sequencing by T7 polymerase 39 
2.8 Gel electrophoresis in the automated A.L.F. sequencer 41 
2.9 Sequence analysis by commercially available softwares 42 
2.10 Sequence analysis through electronic mail server 44 
2.11 Database for storing the result of each clone 46 
2.12 Effects of agar and agarose on Vent™ and Taq DNA polymerase 47 
2.13 Mini-preparation of plasmid DNA 50 
2.14 Large scale preparation of plasmid DNA 51 
2.15 Cloning the human cysteine rich heart protein (hCRHP) into the 53 
pAED4 vector 
vi 
2.16 Expression of hCRHP in E coli 56 
2.17 Northern hybridization 58 
2.18 Partial protein sequencing of hCRHP 59 
CHAPTER 3 RESULTS 
3.1 The sequencing results of adult human heart cDNA clones 60 
3.2 Accuracy of sequencing results 63 
3.3 Catalogues of genes expressed in the adult human heart 65 
3.4 Effects of agar and agarose on Vent™ and Taq DNA polymerases 94 
3.5 Elimination of the purification of the PGR products before 102 
sequencing 
3.6 Sequence analysis of hCRHP 104 
3.7 Northern hybridization of hCRHP 109 
3.8 Expression of hCRHP in E. coli 112 
CHAPTER 4 DISCUSSION 
4.1 Random sequencing of adult human heart cDNA clones 118 
4.2 Catalogues of genes expressed in the adult human heart 130 
4.3 Gene expression in the adult human heart 137 
4.4 Importance of nonhuman matches 170 
• • Vll 
4.5 Effects of agar and agarose on Vent™ and Taq DNA polymerases 177 
4.6 Elimination of the purification of the PCR products before 180 
sequencing 
4.7 The possible role of CRIP and hCRHP 184 




ABI Applied Biosystem, Inc. 
AE anion exchanger 
A.L.F. Automatic Laser Fluorescent 
ATP adenosine triphosphate 
bp base pair (s) 
BLAST : Basic Local Alignment Search Tool 
CAS Coupled Amplification and Sequencing 
cDNA complementary DNA 
C. elegans : Caenorhabditis elegans 
CRIP cysteine-rich intestinal protein 
CRP cysteine-rich protein 
dbEST : database of expressed sequence tags 
dCTP deoxycytosine 5'-triphosphate 
ddNTP 2',3 -dideoxynucleotides 5'-triphosphate 
DMSO dimethylsulfoxide 
DNA deoxyribonucleic acid 
DOE Department of Energy 
dNTP deoxynucleosine 5'-phosphate 
ix 
E. coli : Escherichia coli 
EDTA ethylenediaminetetraacetic acid 
E. mail electronic mail 
EMBL European Molecular Biology Laboratory 
EST expressed sequence tag 
FGF fibroblast growth factor 
FGFR fibroblast growth factor receptor 
GTP guanosine triphosphate 
hCRHP human cysteine-rich heart protein 
hGAF human granuloma associated factor 
HGP human genome project 
HLH helix-loop-helix 
HSP heat shock protein 
HTH helix-tum-helix 
IPTG isopropyl-l-thio-p-D-galactopyranoside 
kb : kilobase (s) 
LIM-HD LIM-Homeodomain 
LINE long interspersed repetitive sequence 
mGAF mouse granuloma associated factor 
MOPS morpholinopropanesulfonic acid 
mRNA : messenger RNA 
I X 
NCBI National Center of Biotechnology Information 
NIH National Institute of Health 
NRC National Research Council 
ORF open reading frame 
PAGE polyacrylamide gel electrophoresis 
PCR polymerase chain reaction 
PVDF polyvinylidene difluoride 
RNA ribonucleic acid 
SDS sodium dodecyl sulfate 
SINE short interspersed repetitive sequence 
SM suspension medium 
snRNP small nuclear ribonucleoprotein 
STS sequence-tagged sites 
TFIIIA Xenopus transcription factor IIIA 







1.1 General introduction 
The partial sequencing of randomly selected cDNA clones directly 
from a cDNA library has been explored by Putney and co-workers in 1983 
(Putney et al., 1992). They sequenced 178 clones of a rabbit muscle cDNA 
library and reported sequences encoding two forms of troponin T. Afterward, 
using this approach to generate expressed sequence tags (ESTs) has been 
shown to be a rapid and efficient way of establishing a detailed profile of 
genes expressed in various tissues (Adams et al, 1991; Adams et al., 1992a; 
Adams et al., 1993a; Adams et al., 1993b; Adams et al., 1994; Collet et al., 
1994; Hoog, 1991; Hwang et al” 1994a; Hwang et al, 1994b; Khan et al., 
1992; Liew et al” 1994; Matoba et al., 1994; Matsubara et al., 1993; Okubo 
etal•’ 1992; Park et al” 1993; Sikela et al., 1993; Tsui et al, 1994a; Waye et 
al.，1995). ESTs are sequences from single sequencing runs of at least 150 
base pairs with an accuracy of approximately 97% (Adams et al, 1991). This 
approach can also be used to discover new genes on a large scale. The power 
and utility of EST data in the study of human diseases have also been recently 
manifested in the discovery of a human mutL homologue, which is the 
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"Molecule of the Year" in 1994 (Koshland, 1994)，putatively involved in 
hereditary colon cancer (Papadopoulos et al., 1994). The isolation and 
sequencing of this homologue were tremendously facilitated by the prior 
availability of EST-tagged clones corresponding to the gene of interest. 
Mormation from single-pass sequencing of cDNA clones has also been used 
in many other applications, including the generation of physical maps of 
chromosomes (Chae et al, 1994; Khan et al, 1992; Wilcox etal, 1991) and 
chromosomal assignment (Durkin et al., 1992; Polymeropoulos et al； 1992). 
I shall introduce the application of EST sequences on the generation of 
physical map in Section 1.2. 
Collaborating with the University of Toronto, we have set up an 
efficient and cost-effective procedure to generate ESTs from human heart 
cDNA libraries (Hwang et al.，1994a; Hwang et al., 1994b; Liew, 1993; Liew 
et al., 1994; Tsui et al., 1994a; Tsui et al； 1994b; Waye et al.，1995). A brief 
description on the adult human heart cDNA library that we used will be 
provided in Section 1.3. This approach should provide three sets of 
information: (1) the profile of genes expressed in the normal adult human 
heart which can act as a frame of reference; (2) the discovery and 
identification of new genes and their time of expression in the human heart 
and (3) a collection of cDNA sequences and clones to serve as a resource for 




some background knowledge on the gene expression in adult human heart 
mentioned in Section 1.4 will be helpful. Since the cDNA sequences that we 
obtained are subsets of nucleotide sequences in the human genome, an 
understanding of the organization of the human genome outlined in Section 
1.5 should assist the interpretation of the sequencing results. 
Concerning the methods that we used in this project, individual phage 
plaques were amplified by polymerase chain reaction (PCR). The purified 
PCR products were then used for cycle sequencing. Sequencing reactions 
were electrophoresed using a Pharmacia A.L.F. sequencer. Sequence 
comparison against nucleotide and protein databases were performed using 
electronic mail (E.mail). Section 1.6 to 1.9 will describe some background on 
the methods we used, including PCR, purification of PCR products, 
automated DNA sequencing and sequence analysis by E. mail. 
During this project, we have made two technological advances in 
molecular biology. First, we tried to replace Taq DNA polymerase by Vent™ 
DNA polymerase, a DNA polymerase that has a higher fidelity in DNA j • 
replication, to perform the PCR. However, we found that Vent™ DNA 
polymerase does not work in our original protocol. Finally, we discovered that 
agar was a potent inhibitor of Vent™ DNA polymerase (Tsui et al.’ 1995). 
This finding should enable the improvement of the quality of the DNA 
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sequences that we generated. Section 1.10 will introduce some background on 
these two polymerases and agar. Later we designed a new protocol so that the 
purification step of the PCR products before sequencing can be eliminated. 
Certainly, the efficiency was increased and the cost was reduced. Section 2.4 
and 4.6 will describe the protocol and explain the rationale of the novel 
protocol that we used. 
We realized that genes which correspond to the counterparts in other 
organism allow us to speculate their functions in man. When we encountered 
a cDNA clones which has DNA sequences resembling mouse cysteine-rich 
intestinal protein (CRIP) which contains a LIM domain and is expressed 
heavily in mouse small intestine, we decided to clone and characterize this 
clone because we were eager to know the role of the human homolog of CRIP 
in human heart. Moreover, LIM domain is a sub-family of zinc finger 
structure, which may be related to the development of human heart. Section 
1.11, 1.12 and 1.13 will provide some background information on zinc finger 
proteins, LIM domain and CRIP respectively. 
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1.2 Human Genome Project 
The Human Genome Project (HGP) was initiated at the Department of 
Energy (DOE) of the United States of America by Charles De Lisi from the 
Los Alamos Laboratory, New Mexico for the purpose of creating physical, 
genetic and nucleotide sequence maps of the human genome and the genomes 
of selected model organisms. A bill to fund the HGP was subsequently 
introduced by New Mexico Senator Domenici in the United States 
(Rechsteiner et ai, 1991). The HGP first took clear form in February 1988, 
with the release of the National Research Council (NRC) report Mapping and 
Sequencing the Human Genome (Olson et al, 1993). In 1990, the Human 
Genome programs of the National Institutes of Health (NIH) and the DOE 
developed a joint research plan with specific goals for the first five years 
(1991-95) of the United States HGP (Collins et al, 1993). The initial set of ‘ � 
goals is to construct detailed human genetic maps, improving physical maps 
of the human genome and the genomes of certain model organisms, as well as 
to develop improved technology for DNA sequencing and information 
handling and defining the most urgent set of ethical, legal and social issues 
associated with the acquisition and use of a large amount of genetic 
information (Collins et al., 1993). 
I I • 
To construct a high-resolution map of the human genome, a new choice 
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of landmarks called sequence-tagged sites (STSs) is required (Olson et al.’ 
1989; Olson, 1993). An STS is simply a short, unique sequence of DNA that 
can be amplified via PCR. The overwhelming advantage of STSs over 
mapping landmarks defined in other ways is that the means of testing for the 
presence of a particular STS can be completely described as information in a 
database which can be made experimentally accessible in any laboratory. No 
access to the biological materials that led to the definition or mapping of an 
STS is required by a scientist wishing to assay a DNA sample. The most 
critical aspect of a STS description is the DNA sequence of the two primers. 
Such a high-resolution map will require approximately 30,000 equally spaced 
STSs to achieve a 100-kb resolution (Olson et al, 1989; Polymeropoulos et 
al” 1992). Expressed sequence tags obtained from random sequencing of 
human cDNA libraries can be converted into STSs (Durkin et al.’ 1992; 
Polymeropoulos et al” 1992) and become a useful resource for human genome 




1.3 Organization of the human genome 
The understanding on the organization of the human genome is 
important for analysing the result of random sequencing of human heart 
cDNA clones. The human genome has a DNA content of 3 x 10^  bp and only 
3% of the genomic DNA is coding sequences. It has been estimated that the 
number of genes expressed in a given cell type is about 10,000 and the 
mammalian genome could contain 30,000-40,000 genes (Lewin, 1990). 
Approximately two thirds of them are single copy genes and the average size 
of a gene is about 20,000 bp. One study found that most brain mRNAs are 
quite large implying that there are at most 30,000 distinct mRNA species 
expressed in the brain, most of which are uniquely expressed there (Milner et 
al, 1983). Another study suggested that the majority of proteins encoded by 
the genome comes from no more than one thousand families (Chothia et al., 
1992). 
A substantial fraction of the human genome consists of repetitive (or 
reiterated) sequences (Edwards et al., 1991; Grist et al” 1993; Litt et al” 
1989; Tautz et al., 1989). Interspersed repetitive sequences are classified as 
either short or long. Distinctive families of both short interspersed repetitive 
sequences (SINEs) and long interspersed repetitive sequences (LINEs) are 
now known (Singer et al” 1982). The most abundant member of the SINE 
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class is the Alu family (Batzer et al, 1990; Makalowski et al, 1994; Schmid 
et al., 1982), consisting of 300,000-900,000 copies of a 300 bp sequence, 
which is flanked by recognition sites for the restriction enzyme, Alu I. The 
major human LINE sequence family is LI, which has a consensus sequence 
of about 6.4 kb. Many family members have serial deletions of the 5' end and 
rearrangements, but most share the 3’ end. The reiteration frequency is about 
4,000-20,000 for the 5' end and it increases to 50,000-100,000 for the 3’ end 
(Korenberg et al, 1988). 
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1.4 Adult human heart cDNA library 
The human adult heart cDNA library used in this project was 
purchased from Clontech (cat. number HL1038b). A human adult male heart, 
including some aorta region, was used to prepare the mRNA. The library was 
constructed with lambda gtl 1 as the cloning vector and EcoRI as the cloning 
site. It contains 1.27 x 10^  independent clones. The range of insert sizes is 0.4 
to 3.4 kb and the average insert size is 0.9 kb. This random-primed cDNA 
library (Gubler et al, 1983) was chosen because it is more informative in 
identifying genes and constructing a useful EST database than sequencing 
from the ends of full-length cDNAs (which contain non-coding 5' and 3' 
untranslated sequences) (Adams et al.，1991). By obtaining coding sequences, 
we can take advantage of the more sensitive peptide comparisons, in addition 




1.5 Gene expression in adult human heart 
The heart is a complex organ consisting of cardiocytes, smooth muscle 
cells, endothelial cells, neurons, fibroblast and other cell types working in 
concert to propel blood through the circulatoiy system. During cardiac growth 
and development, there is a commitment of mesodermally derived progenitor 
cells to the cardiac muscle cell lineage followed by the formation of a 
primordial heart tube. Organogenesis proceeds through a series of involutions 
of the heart tube and the onset of septation, which results in distinct cardiac 
chambers and the acquisition of regional-specific properties of atrial, 
ventricular and conduction system cells. The subsequent enlargement of the 
embryonic heart is largely dependent on an increase in myocyte number, 
which continues until shortly after birth, when cardiac myocytes lose their 
proliferative capacity and acquire the terminally differentiated phenotype of 
adult cardiac muscle cells (Chien et al” 1993; Fishman et al” 1994). Such 
cardiac myocytes respond to increased workload only by an increase in cell 
size and the contractile protein content, not by an increase in cell number 
(Komuro et al, 1993). 
While much progress has been made in understanding the macroscopic, 
physiological function of the heart, considerably less is known about the 




ontogeny and growth (Bishopric et al, 1992; Sartorelli et al” 1993) remain 
largely unknown, whereas the genetic and molecular basis of a broad 
spectrum of cardiovascular diseases such as hypertension, atherosclerosis, 
coronary artery disease and heart failure also remains to be determined (Liew 
et al, 1994). 
The pattern of gene expression in heart should change during cardiac 
hypertrophy and when the heart is in transit to a disease state. To study such 
changes in gene expression, a frame of reference should be established. 
Therefore, this project was initiated to aim at revealing the profile of gene 
expression in the adult human heart. 
r^  � 
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1.6 Polymerase chain reaction (PCR) 
The initial studies that developed the PCR used the Klenow fragment 
oiE. coli DNA polymerase I to amplify specific targets from genomic DNA 
(Saiki et al.，1985; Saiki et al, 1986). The incorporation of Taq DNA 
polymerase into the PCR protocol allowed the primers to be annealed and 
extended at much higher temperature than was possible with the Klenow 
fragment，eliminating much of the nonspecific amplification (Saiki et al.， 
1988). Moreover, long PCR products could be amplified from genomic DNA, 
probably due to a reduction in the secondary structure of the template strands 
at elevated temperature used for primer extension (Erlich et al, 1991). 
Fragments as large as 42 kb have been synthesized with Taq DNA polymerase 
and other thermostable enzymes (Barnes et al., 1994; Cheng et al., 1994). 
The purity and yield of the PCR products depend on several parameters 
(Williams et al, 1989)，including the sample volume, type of vessel, template 
DNA, primers (Bellis et al, 1990; He et al, 1994), concentration ofdNTPs, 
PCR buffer, concentration of magnesium ions, quantity of thermostable DNA 
polymerase and annealing temperature (Cobb et al” 1994; Rychlik et al, 
1990). Some reports have shown that dimethyl sulfoxide (Filichkin et al.， 
1992) and formamide (Sarkai et al, 1990) can dramatically improve the 
specificity of PCR. 
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Considering the infidelity of PGR, less than one mutation or 
misincorporation per 10,000 bp (Cariello et al” 1991; Flaman et al, 1994; 
Mattila et al, 1991; Tindall et al., 1988)，in many instances, for example, 
direct characterization of the amplified population by DNA sequence analysis 
(Gyllensten et al” 1993) or nucleic acid hybridization, random errors in 
nucleotide sequence that may be produced during PCR are of little concern 
(Eckert et al, 1991). By contrast, when PCR products amplified by Taq DNA 
polymerase are cloned and sequenced, a consensus sequence based on several 
cloned PCR products must be determined for each sample, in order to 
distinguish mutations present in the original sequence from random 
misincorporated nucleotides introduced by the Taq polymerase during PCR 
(Gyllensten et ai, 1993). Alternatively DNA polymerase with higher fidelity 
of DNA synthesis can be used, for example, the Vent™ DNA polymerase 
(Cariello et al” 1991; Mattila et al., 1991). I have reported that when Vent™ 
DNA polymerase was used to amplify single lambda plaques, agarose should 
be used to form the solid medium for plating out the cDNA library (Tsui et 
a!.，1995). The background on this finding will be discussed in the next 
section. 
DNA inserts cloned in lambda gt bacteriophage vectors can be 
amplified directly from bacteriophage plaques using the PCR with 
oligonucleotide primers corresponding to vector sequences flanking the 
13 
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cloning site (Dorfinan et al, 1993; Nishikawa et al, 1989). The amplified 
insert can be subcloned into a plasmid vector following digestion with the 
restriction enzyme that cleaves at the cloning site (Jung et al, 1993); it can be 
also used for other purposes, for example, to generate radioactively labelled 
probes, or as a sequencing template (Hyder et al.’ 1994; Innis et al, 1988). 
This procedure eliminates the need to grow bacteriophage and to perform 




1.7 Purification of PGR products 
Unreacted primers and dNTPs in the unpurified PCR products are the 
major components interfering with successful direct sequencing. The 
unreacted PCR primers can compete with the labelled primer for binding to 
the DNA template and decrease the overall signal of the sequencing. On the 
other hand, unreacted dNTPs change the optimal dNTPs to ddNTPs ratio 
(Iimis et al., 1988) and therefore decrease the chance of the incorporation of 
the ddNTPs. 
Nomially PCR products are purified by chromatography (Swerdlow et 
al, 1993; Zimmermann et al； 1994) or by filtration (Hwang et al, 1994a; 
Liew，1993; Nichols et al, 1994). Column chromatography gives clean 
templates but the purification processes are lengthy, typically taking five min 
for each sample. On the other hand, if the filtration technique is used, the time 
required is shorter (2 min) but the template is not as clean because large 
molecular weight substances are retained in the filter. The PCR products will 
then be further processed through cycle sequencing and electrophoresis. The 
above sequencing procedure has, of course, worked well, but in our 
experience, the purification step has been the limiting step, being time-
consuming and costly，especially when sequencing on a large scale. A new set 










1.8 Automated DNA sequencing 
The first successful attempts to determine the primary structures of 
nucleic acids were made in 1961 (Brown, 1984). In 1977, two new methods 
for determining nucleotide sequences were introduced. The chain-termination 
method uses dideoxynucleoside triphosphates (ddNTPs) as specific chain-
terminating inhibitors of DNA polymerase (Sanger et al, 1911 \ Wu, 1994). 
In the chemical method, the DNA sample is divided into four aliquots and 
then four different chemical reactions are used that cleave the DNA only at a 
particular base or base type (Maxam et al•’ 1977). 
Concerning the sequencing reaction, methods relying on the 
commercial T7-based DNA polymerases have proven reliable in automated 
DNA sequencing (Koop et al.，1993; Voss et al” 1990; Ziirnnermaim et al., 
1990). However the recently described cycle sequencing method (Carothers 
et al, 1989; Fulton et al” 1994; Murray, 1989; Smith et al, 1990; Zhang et 
al, 1994; Ziirnnermaim et al” 1994), which take advantage of thermostable 
DNA polymerases to perform many rounds of primer extension，has several 
advantages. First, it requires greatly reduced quantities of starting template 
because of the linear amplification achieved in the temperature-cycling 
process. Second, repeated cycles of denaturation, primer annealing and strand 
synthesis afford an efficient method for the enzymatic sequence analysis of 
17 
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double-stranded templates and PCR products, a usually inefficient procedure 
with conventional approaches. Third, it renders the enzymatic sequencing 
method easily automatable, since no additional reagent is required after the 
initial assembly of the reaction mixtures (Hunkapiller et al” 1991). Recently, 
a comparative analysis of the error rate of Sequenase (a modified T7 DNA 
polymerase) and automated Taq cycle sequencing methods has revealed that 
the pattern of accuracy was nearly equivalent for these two methods (Koop et 
al, 1993). 
In attempts to increase both the throughput and consistency of 
sequencing efforts, and to decrease the overall cost, automated DNA 
sequencers have been developed (Hunkapiller et al, 1991). One of the major 
advantages of automated DNA sequencing is the ease of data recording, 
transfer and manipulation (Pon et al, 1994). The use of a single fluorescent 
label with four-lane separation was pioneered by workers at the European 
Molecular Biology Laboratory (EMBL) (Ansorge et al” 1986; Ansorge et al, 
1987; Zimmemiaiin et al, 1988). Phtonacia currently markets the Automatic 
Laser Fluorescent (A丄.F.) DNA sequencer based on the prototype EMBL 
instrument. The laser beam of the A丄.F. is directed through the gel across its 
width. Fluorescent detection is done with 40 identical, fixed detectors. The 
running time of the A.L.F. is relatively short (about six hours) and it can 




On the other hand, Applied Biosystem, Inc. (ABI) has developed 
chemistry and instrumentation that allow for all four DNA sequencing 
reactions to be electrophoresed together in a single gel lane (Coimell et al” 
1987; Smith et al, 1986). Since all the fragments of one reaction set migrate 
through the same gel path, lane-to-lane distortions in the gel have no impact 
on the ability to determine the order of the different coloured fragment in a 
given lane (Hunkapiller et al, 1991). The A丄.F. sequencer has been 
optimized to use a fluorescence primer with the single dye. On the other hand, 
foiir primers each labelled witii a different dye must be generated for the ABI 
sequencer. Therefore the A.L.F. sequencer is suitable for specific-primer-
based sequencing and the ABI sequencer is suitable for bulk random 
sequencing (Hunkapiller et a/” 1991). In one study, A丄.F. sequencer 
outperformed the ABI sequencer in sequencing double-stranded templates 
with accuracy exceeding 99% for more than 350 bases from the primer (van 
Ranst"a/ . , 1992). 
In automated DNA sequencing, end labelling of DNA fragments was 
initially achieved by fluorescently labelled standard primers (Ansorge et al” 
1986; Smith et al.’ 1986) and by fluorescently labelled dideoxy terminators 
(Prober et al” 1987). Recently, internal labelling with fluorescent-
19 
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deoxyribonucleoside triphosphates (dNTPs) has eliminated the primer 
labelling step (Grothues et al, 1993; Hawkins etal, 1992; Voss etal, 1993). 
20 
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1.9 Sequence analysis by electronic mail server 
Many sequencing projects produce a large amount of DNA and protein 
sequence data. For DNA sequences, the fundamental questions that can be 
asked are whether it encodes protein and what is the protein it encodes. For 
protein sequences, researchers are eager to know what kind of protein it is 
similar to and what is the secondary structure of the protein (Lam et al., 
1994). Such sequence analysis can be accomplished by sending electronic 
mail (E-mail) to world-wild E-mail servers and the result will be sent back 
automatically without any charge (Henikoflf, 1993). The effort needed to keep 
“ local copies of the databases up-to-date may form a dominant part of the cost 
of performing database searches. This provides another important reason for 
the use of searches at specialized centres through E-mail (Coulson et al., 
1994). 
In this project, sequence comparisons against nucleotide and protein 
databases were mainly done by using the BLAST network server at the 
National Centre for Biotechnology Information. The BLAST algorithm is a 
heuristic for finding ungapped, locally optimal sequence alignments. This 
method will detect weak but biologically significant sequence similarities, and 
is more than an order of magnitude faster than existing heuristic algorithms 
(Altschul et al； 1990; Altschul et al” 1994). Although highest sensitivities can 
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be achieved by exhaustive searches based on the TSfeedleman-Wunsch-Sellers' 
(NWS) algorithms, 'massively parallel' high-performance computers such as 
the 'DAP' and the MasPar MP machines must be implemented (Coulson etal, 
1994) and therefore these algorithms are not suitable for analysing nucleotide 
sequences from large scale sequencing project. To shorten the time for 
sequence analysis and recording the results in the database，I have cooperated 
with my co-worker, Wai-yip Lam, to develop several computer programs 
using Turbo Pascal™ (Lam et al., 1994). 
22 
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1.10 Effects of agar and agarose on Vent™ and Taq DNA 
polymerases 
The Vent- DNA polymerase and Taq DNA polymerase are two of the 
most commonly used thermostable DNA polymerases. Taq DNA polymerase 
was isolated from the thermophile Thermus aquaticus (Lawyer et al., 1989). 
The Taq DNA polymerase has significant amino acid sequence similarity to 
the DNA polymerase ofR coli. (Blanco et al., 1991; Lawyer et al., 1989). 
Vent™ DNA polymerase was isolated from Thermococcus litoralis, a novel 
species of extreme thermophilic archaebacterium collected from a submarine 
thermal vent near Naples, Italy (Belkin et al., 1985; Neuner et al； 1990). 
Vent™ DNA polymerase is sensitive to aphidicolin and has significant amino 
acid sequence similarity with human polymerase a (Perler et al, 1991). Vent™ 
DNA polymerase contains a 3, to 5，proofreading exonuclease activity 
(Mattila et al., 1991) while Taq DNA polymerase does not contain a 3, to 5, 
exonuclease activity (Lawyer et al., 1989; Tindall et al., 1988). The fidelity 
of DNA synthesis by Vent™ DNA polymerase was found to be higher than 
that of Taq DNA polymerase (Cariello et al., 1991; Mattila et al., 1991). In 
vitro mutagenesis was used to selectively remove the 3' to 5' proofreading 
exonuclease activity from the Vent™ DNA polymerase, creating the modified 
enzyme, the Vent™ (exo) DNA polymerase (Sears et al., 1992). The 
exonuclease deficient polymerase retains an error rate that is lower than that 
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of Taq DNA polymerase. The high fidelity of Vent™ DNA polymerase 
provides good possibilities for maintaining the correct genetic information of 
original target DNA sequences in the DNA amplification procedures. 
It has been reported that 入 phage DNA can be amplified using Taq 
DNA polymerase on single plaques that were plated on agar plates (Krishnan 
et al., 1991). Agar consists of a spectrum of polysaccharides with three 
extremes in: (1) neutral agarose having an idealized structure involving 
alternating (l-4)-linked 3,6-anhydro-a-L-galactose and (l-3)-linked P-D-
galactose residues; (2) pyruvated agarose having little sulphation, and (3) 
sulfated galactan (Duckworth et al., 1971a; Duckworth et al., 1971b). Some 
of these polysaccharides in agar can act as inhibitors that interfere with 
subsequent procedures, e.g. PCR using Taq DNA polymerase (Stoddart et al.’ 
1991); therefore other methods using agarose plates instead of agar plates has 
been devised (Bainbridge et al., 1991). To investigate whether agar also has 
an inhibitory effect on Vent™ DNA polymerase or not, the effects of agar and 
agarose on Vent™ DNA polymerase and Taq DNA polymerase have been 
studied (Tsui et al； 1995). 
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1.11 Transcription factors and zinc finger proteins 
Transcription factors are DNA-binding proteins that regulate cell 
development, differentiation and cell growth by binding to a specific site (or 
set of sites) and regulating gene expression (Pabo et al, 1992; Parker et al, 
1989). Such transcription factors can be grouped into classes that use related 
structural motif for specific site recognition. 
The helix-tum-helix (HTH) structure was the first DNA-recognition 
motif discovered. Sequence comparisons suggested that the HTH motif 
‘ occurred in a large family ofprokaiyotic DNA-binding proteins (Weber et al, 
1982). The conserved recognition motif consists of an a-helix, a turn, and a 
second cc-helix (Ohlendorf et al, 1983; Sauer e^a/., 1982; Steitz et al, 1982). 
The second class of DNA-recognition motif is the homeodomain, 
which is present in a large family of eukaryotic regulatory proteins (Gehring 
etal, 1990; Qian etal, 1989; ScoMetal, 1989). A comparison of amino acid 
sequences suggested that the homeodomain would contain a HTH motif 
(Laughon et al, 1984; Shepherd et al, 1984) and the 60-residue 
homeodomain formed a stable, folded structure and can bind DNA by itself 
(Affolter et al.，1990; Qian et al, 1989; Sauer et al” 1988). 
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The third class of DNA-recognition motif is the zinc finger (Klug et al, 
1987). There is a variety of zinc finger structures, in which the metal stabilizes 
the tertiaiy fold (Coleman et al, 1992; Pabo et al, 1992; Rhodes et al” 1993; 
Sanchez-Garcia et al, 1994). The classical zinc finger motif, exemplified by 
that found in Xenopus transcription factor IIIA (TFIIIA), which is 
characterized by two conserved cysteine and two conserved histidine residues 
that bind tetrahedrally to a zinc atom (Coleman et al, 1992). The finger 
structure is composed of anantiparallel (3 sheet and ana helical region, which 
together fortn a hydrophobic core of invariant residues (Pavletich et al, 1991). 
A second class of zinc finger has been described in the steroid/nuclear 
- receptor family of proteins, which binds two zinc atoms to form a single 
folded domain with four cysteine ligands for each zinc atom, rather than 
forming independently folded units as in the TFIIIA-type finger (Sanchez-
Garcia et al.，1994; Schwabe et al, 1991). The third class of zinc finger is a 
family of yeast transcription factors, for example the GAL4, which binds two 
zinc atoms through six cysteines (Coleman et al, 1992; Pan et al, 1991). The 
GATA-1 family is the fourth class of zinc finger proteins. The DNA-binding 
domain has a zinc atom coordinated by four cysteines (Omichinski et al.， 
1993). The fifth class is the RING finger family of proteins, in which the first 
and third pairs of metal-binding residues bind one zinc atom, while the second 
and fourth pairs bind the other (Amim et al., 1993). The last class of zinc 




The leucine zipper is another class of DNA-recognition motif that has 
important roles in differentiation and development. They are also interesting 
because they illustrate the important roles that heterodimer formation can play 
in the regulation of gene expression (Landschulz et al” 1988; McKnight et al, 
1991; Pabo et al.，1992). Leucine zipper sequences are characterized by a 
heptad repeat of leucines over a region of 30-40 residues (Landschulz et al•’ 
1988). 
Like leucine zipper proteins, the helix-loop-helix (HLH) proteins have 
many important roles in differentiation and development (Evans et al, 1993), 
and their activity is modulated by heterodimer formation (Pabo et al, 1992). 
For example, the MyoD protein, which is a HLH protein and appear to be the 
primary signal for differentiation of muscle cells, binds DNA most tightly 
when it forms a heterodimer with E2A protein (Weintraub et al, 1991). 
Most of the DNA-binding proteins bind DNA with an a-helix in the 
major groove. However, the last class of DNA-recognition motif, the P-sheet 
motif, uses an antiparallel p-sheet for DNA binding. MetJ, Arc and Mnt 
repressors, which are prokaryotic regulatory proteins, belong to this structural 
class (Breg et al, 1990). 
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1.12 LIM domain 
Zinc finger proteins can be classified based on the consensus sequences 
of different classes (Evam et al•，1988). One of the classes of zinc finger 
protein bears a LIM motif (Feuerstein et al, 1994; Rabbitts et al., 1990; 
Schmeichel et al•’ 1994), which is constituted from a C2HC motif and a C4 
motif (Freyd etal.，1990; Karlsson et al” 1990; Liebhaber et al.，1990). LIM 
is an abbreviated form derived from the names of three genes，which share a 
consensus cysteine-rich sequence: lin-ll (Freyd et al, 1990)，Isl-\ (Karlsson 
etal, 1990; Sanchez-Garcia et al, 1993) and mec'3 (Way et al, 1988). Each 
LIM motif can accommodate two zinc atoms (Archer et al” 1994; Kosa et al, 
1994; Li et al, 1991; Michelsen et al” 1993; Michelsen et al., 1994). Zinc 
coordination is required for the proper folding of the LIM domain (Kosa et al” 
1994). There are two main classes of LIM proteins. One class contains 
proteins that, like the founder members Lin-ll, Isl-1 and Mec-3，have two 
L M domains in association with a homeodomain; these are designated LIM-
HD proteins. The second class has no homeodomain, but contains only LIM 
domains; these are designated LIM-only proteins (Sanchez-Garcia et al, 
1994). 
LIM-HD proteins have been implicated in the control of differentiation 
of specific cell types. For example the Lin-ll protein controls certain 
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asymmetric cell divisions during vulval development in C. elegam (Freyd et 
a/.，1990) and the mec-3 gene is required for the differentiation of certain C. 
elegans mechanosensory neurons (Way et al., 1988). LH-2 is expressed in 
developing lymphocytes and neural cells (Roberson et al, 1994; Xu et al” 
1993). Moreover, Xlim-1 is a Xenopus protein whose production is regulated 
both temporally and spatially during embryogenesis (Barnes et al, 1994; 
Taira et al, 1992; Taira et al, 1993; Taira et al, 1994) and the Drosophila 
apterous protein is required for the normal development of the wing and 
haltere imaginal discs (Cohen et al, 1992). 
The LIM-only proteins may have either one, two or three tandem LIM 
domains, but have no homeodomain (Sanchez-Garcia et al” 1994). The 
simplest LIM-only proteins, having only a single copy of the LIM domain, are 
the rat protein CRIP (Birkenmeier et al, 1986) and rEPSl (Nalik et al； 1989). 
Plant LIM protein SF3 (Baltz et al•，1992)，human rhombotin family proteins 
(Boehm et al, 1991; Greenberg et al.’ 1990; Warren et al., 1994) and human 
cysteine-rich protein CRP (Feuerstein et al, 1994; Wang et al； 1992; 
Weiskirchen et al, 1993) are LIM-only proteins with two LIM domains while 
chicken protein zyxin (Crawford et al, 1991; Crawford et al.’ 1992; Sadler 
et al, 1992; Schmeichel et al” 1994) and rat protein testin have three LIM 
domains (Sanchez-Garcia et al, 1994). 
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1.13 Cysteine-rich intestinal protein 
The cDNA that codes for the cysteine-rich intestinal protein (CRIP) 
was first isolated and identified from a rat intestinal cDNA library 
(Birkenmeier et al., 1986). The predicted protein has 77 amino acids and 
contains a single copy of the LIM domain (Wang et al., 1992). Recently, the 
promoter region of the CRIP gene has been cloned (Levenson et al” 1993a). 
In the adult, highest levels of CRIP were present in the small intestine, caecum 
and colon. Lower levels were observed in the lung, spleen, adrenal, testis, 
heart, lung, muscle, skin, and stomach. CRIP mRNA was not detected in adult 
• brain, kidney or liver (Birkenmeier et al, 1986; Levenson et al., 1993b). 
The expression of CRIP mRNA is developmentally regulated in the rat 
small intestine (Birkenmeier et al., 1986) and administration of the synthetic 
glucocorticoid hormone dexamethasone to neonates can cause the precocious 
rise of CRIP mRNA and protein (Levenson et al., 1993b), suggesting that 
CRIP plays a role in intestinal maturation. High-resolution gel filtration 
chromatography and micro-sequencing have suggested that, in the rat small 
intestine, CRIP binds zinc in a way that would be expected of a trafficking 
protein involved in transcellular ion movement (Hempe et al., 1991; Hempe 
etal.’ 1992; Khoo et al., 1993). However some researcher suggested that the 
zinc binding potential of this protein is not sufficient proof for a role in the 
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transport process (Fleet et al., 1993) because one may account for the 
observations by the metal exchange properties of CRIP (Kosa et al., 1994) and 
the tissue distribution of CRIP raise doubt as to an intestine-specific role for 
the protein (Fleet et al., 1993). Moreover, the expression of CRIP in the rat 
intestine is not zinc dependent (Levenson et al, 1994). Interestingly CRIP was 
also suggested to be a mediator of glucocorticoid action on the developing 
intestine (Needleman et al； 1993). Therefore，further work must be done to 
discern the true functions of CRIP. 
•iit 
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Chapter 2 
Materials and Methods 
2.1 Plating out the adult human heart cDNA library 
(Sambrook et al” 1989) 
A single colony of E. coli Y1090 was inoculated into 2ml of LB 
medium，supplemented with 0.2% maltose and lOmM magnesium sulphate, 
in a 10ml tube and grown overnight at 37�C. The 10-fold diluted overnight 
culture was incubated at 3TC for two more hours. Then, 100 to 150 pfo of the 
adult human heart cDNA library were mixed with 0.1ml of bacterial culture. 
The adult human heart cDNA library was purchased from Clontech (cat. 
number: HL1038b) . The mixture was incubated at 37�C for 20 min. Then, 
3ml of LB medium (45-50�C) containing melted 0.7% agar or agarose, 
TO^g/ml IPTG and SOO^g/ml Xgal were added. After gentle vortexing, the 
whole content was poured immediately onto a labelled prewarmed LB plate. 
The plate was swirled and stood for five min at r.t The plate was inverted and 
incubated at 3TC for 12-16 h. Clear plaques were picked by Pasteur pipettes 
and resuspend in 50 ,^1 of SM (lOOmM NaCl，9mM MgS04, 50mM Tris Cl, 
0.01% gelatin). Finally the phage stocks were stored at 斗。。. 
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2.2 Amplification by polymerase chain reaction 
An aliquot (2.5^1) of phage suspension was subjected to PCR in the 
presence of 50mM KCl, L5mM MgCl,, and lOmM Tris-HCl (pH 9.0), 200^M 
of each dNTP, 2U Taq polymerase (Pharmacia) and 250nM each of modified 
lambda gt l l primers (#1: 5'-ATTGGTGGCGACGACTCCTGGA-3'; 5'-
TTTGACACCAGACCAACTGGTA-3') in a final volume of 50^1. The PCR 
reactions were overlaid with 50^1 of mineral oil and subjected to 3 min 
denaturation at 94�C, followed by 30 cycles of amplification (94�C, 36 sec; 
50�C，36 sec; 72�C, 90 sec) and 10 min final extension at 72°C in a thermal 
cycler (Pharmacia). When the profile had finished, the PCR products were 
analysed by gel electrophoresis in a 1% agarose gel to check the quantities, 
insert sizes and purity of the amplified DNA by comparing with DNA 
markers. For those PCR products that appear as a single band in the gel, they 
were purified immediately or store at -20�C. Normally the yield of each PCR 
reaction is about 1 to 
Recently, a new set of reaction conditions and procedures that 
eliminates the purification step has been worked out so that the PCR products 
can be used directly for sequencing. These procedures will be introduced in 
section 2.4. 
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For amplifying targets other than that in lambda gt l l , primers were 
designed by commercially available software OLIGO version 4.0. The 
temperature profile for PCR was changed according to the annealing 
temperature of primers and the size of the target amplified. Note that Taq 
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2.3 Purification of the PCR products by Millipore filters 
To purify the PCR product, 200^1 of deionized water were added to the 
Millipore ultrafree MC filter and the PCR product excluding the mineral oil 
was transferred to the filter. Then another 200^1 of deionized water was 
added. The filter was centrifuged at TOOOrpm for 4 min in an Eppendorf 
tabletop centrifuge. When the volume of solution inside the filter was less 
than 20^1, the purified PCR product was transferred to another 0.5ml tube and 
the volume was adjusted to about 30^1. The concentration of the purified 
DNA was determined by running in a 1% agarose gel and comparing with 
DNA markers. Normally more than 70% of DNA can be recovered after 
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2.4 Elimination of the purification step of the PCR products 
before sequencing 
To eliminate the purification of PCR products, 'minimal- amounts of 
PCR products should be used. The "minimal” amounts of PCR primers were 
determined as follows: for each new batch of PCR primers, a single plaque 
with insert size roughly equal to the average insert size of the cDNA library 
was amplified using various concentrations of primers. The "minimal" 
amounts of PCR primers were set at twice that which would produce about 
of PCR product in each PCR reaction to ensure that the primers were 
sufficient for clones with different insert sizes. The PCR reactions were 
‘ prepared by the procedures described in section 2.2 except that optimized 
concentrations of primers were added. Then the PCR reactions were subjected 
1 
to denaturation at 94�C for 5 minutes, followed by 35 cycles of amplification 
(94�C, 36 sec; 53�C, 36 sec; 72�C, 90 sec) and a lO-min final extension at 
72�C in a themial cycler (Pharmacia). An aliquot (2.5^1) of PCR products was 
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2.5 Cycle sequencing 
If the PCR product had been purified, 150-200ng was used for cycle 
sequencing in the presence of 2-6pmol of a fluorescein-conjugated primer 
nested within the PCR primers ("Forward" sequence: Fluorescein-5'-
GGTGGCGACGACTCCTGGAGCC-3'; "Reverse" sequence: Fluorescein-5'-
GACACCAGACCAACTGGTAATG-3'). Sequencing reactions were cycled 
for 25 cycles at 94�C, 36 sec; 50�C, 36 sec; 72�C, 90 sec and a 10 minutes 
final extension at 72�C. Reactions were stopped by the addition of 5^1 "stop 
solution" (95% formamide, 20mM EDTA, lOmg/ml blue dextran). 
If the PCR product had not been purified, 2.5^1 aliquots were used for 
cycle sequencing in the presence of 15-20pmol of fluorescein-conjugated 
primer. 
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2.6 Unicycle sequencing (Pharmacia) 
Purified PCR product (300ng) was mixed with buffer containing 
1.5mM MgCU and 70mM Tris-HCl (pH 9.0)，10% DMSO, lOOnM of each 
dNTP, 250nM of sequencing primers and 12.5^Ci a-^^P dCTP to a final 
volume of 17jil. The mixture was placed at 95°C for 2 min (denaturation step) 
and then 55°C for 2 min (annealing step). After brief centrifiigation, 1.25U Tth 
DNA polymerase was added and the tube was incubated at 3TC for 2 min 
(labelling step). An aliquot (4^1) of the labelling reaction was transferred into 
each of the prewaimed termination mixes dNTP, appropriate 
concentration of ddNTPs, 6mM Tris-HCl [pH 7.5] in 3^1). The sequencing 
reaction was incubated at 72°C for 5 min (chain termination step) and then 
stopped by adding 3^1 of "stop solution" (97.5% deionized formamide, lOmM 
EDTA, 0.3% xylene cyanol, 0.3% bromophenol blue). Afterwards, 4.5pi of 
each stopped reaction was transferred to a separate tube. After heating at 85°C 
for 2 min, 2^1 of each sample was immediately loaded into the appropriate 
well of a 6% sequencing gel and electrophoresed under standard conditions. 
A GC rich region was found in the human cysteine-rich heart protein 
gene and this region cannot be sequenced by cycle sequencing. Therefore, 
unicycle sequencing was employed and the compression problem in this 
region was successfully solved. 
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2.7 Sequencing by T7 polymerase (Pharmacia) 
When PCR products were subcloned into a plasmid vector, the 
following method was used for sequencing instead of cycle sequencing. This 
method can generate DNA sequences of higher quality and longer length than 
that generated from cycle sequencing. However, PCR products does not work 
well with this method when used directly as DNA templates probably because 
denatured linear DNA strands can reaimeal more rapidly then circular plasmid 
DNA. 
The template DNA (5-10昭)in 32^1 was mixed with 8^1 of2M NaOH. 
The tube was vortexed gently, then centrifuged briefly. After incubating at 
room temperature for 10 minutes, 7^1 of 3M sodium acetate (pH 4.8), 4^1 of 
deionized water and 120^1 of 100% ethanol were added. The tube was placed 
at -20®C for 15 minutes and then centrifuged for 15 minutes. The supernatant 
was discarded and the pellet was washed by 70% ethanol. The pellet was 
resuspended in 10^1 of distilled water and 4-6pmol of fluorescent primer and 
annealing buffer was added to a volume of 14^1. The annealing reaction was 
preheated at 65�C for 5 min and then immediately placed at 37�C for 10 min. 
Then, 1^1 of extension buffer, 3^1 ofDMSO and 2^1 of T7 polymerase (8U) 
were added. 4.5^1 of this mixture was immediately pipetted into each of the 
prewarmed sequencing mixes containing dNTPs and ddNTP. The sequencing 
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reactions were incubated at 3TC for five minutes and stopped by the addition 
of "stop solution" (95% formamide, 20mM EDTA, lOmg/ml blue dextran). 
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2.8 Gel electrophoresis in the automated A.L.F. sequencer 
(Pharmacia) 
The sequencing gel was casted and set for 90 minutes. Then the clamps 
for the comb were removed and the glass plate around the comb was cleaned. 
The upper reservoir was attached. After placing the lower reservoir into the 
electrophoresis unit and attaching the anode wire, the TBE buffer was poured 
into the lower reservoir. The gel cassette was fitted into the electrophoresis 
unit and the two vertical etched lines were aligned. Afterward, the thermoplate 
was connected and the upper electrode was attached to the cathode connector. 
1 The main power switch was switched on and the computer was turned on. The j ‘ 
laser beam was adjusted and the TBE buffer was poured into the upper 
reservoir. Water was preheated and the comb was removed. The wells were 
examined and rinsed. The samples were denatured by heating at 95�C for 3 
min. Then 7-9^1 of each sample was loaded into the wells in the order A, C, 
G，T. The lid was closed and the run was started. After six hours, the raw data 
was processed and edited. The sequences which are at least 150 bp with an 
accuracy greater than 97% were marked and exported to a floppy disk. 
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2.9 Sequence analysis by commercially available softwares 
Initially, DNASIS and PROSIS from Hitachi (Lipman et al, 1985; 
Pearson et al” 1988) were used for analysing the sequences exported from the 
sequencer. When the number of sequences generated increased, this step 
became the bottleneck of the project because 45 minutes was required for each 
sequence exported to search against the nucleic acid databases using an IBM 
PC 486 DX33 personal computer. Therefore, we switched to E-mail servers 
for searching sequences against databases. 
However, such commercially available softwares were still usefiil tools 
in this project. Clones corresponding to repetitive sequences and human 
mitochondrial genome may match hundreds of entries in databases. To shorten 
the time used in receiving the E-mail messages from BLAST servers, the 
sequences were searched against the human mitochondrial genome and 
different variants of repetitive sequences before sending them to the E-mail 
server. Moreover such commercial available softwares have many applications 
that are useful for our work, for example, the calculation of pi value, 
molecular weight of protein sequence, the translation of nucleic acid 
sequences into amino acid sequences, the searching of open reading frame and 
distribution of hydrophobic residues etc. 
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There is also a versatile tool called Entrez (Cockerill, 1994) for 
retrieving molecular sequences. Entrez is a new system produced by the US 
NCBI, which satisfies most of the database querying needs in a single low-
cost package. It gives access to a nonredundant set of DNA and protein 
sequence databases and to a relevant subset of Medline life science 
bibliographic references. The efficiency of cataloguing genes expressed in the 
heart can be increased by the links between the databases that allow users to 
move easily between protein and nucleic acid sequences, and in either 
direction between a sequence and its parent references. 
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2.10 Sequence analysis through electronic mail server 
The NCBI BLAST E-mail server (BLAST server) was used for 
searching the exported sequences against nucleotide sequence databases and 
peptide sequence databases. The address of the BLAST server was 
blast@iicbi.nlm.nih.gov. The help document can be obtained by sending a 
help message to this address. The nucleotide sequence databases available for 
BLAST searching are GenBank (Benson et al, 1993; Benson et al.，1994)， 
EMBL (Rice et al•，1993; Emmert et al” 1994), DBJ (DNA Data Bank of 
Japan), Protein Data Bank (PDB), Alu database, vector database, Katbat's 
I database of sequences of immunological interest, dbEST (Boguski et al•’ 
1993)，database of sequence tagged sites (STSs) and eukaryotic promoter 
database. The peptide sequence databases available for BLAST searching are 
SWISS-PROT (Bairoch et al, 1993a; Bairoch et al.，1994a), PIR (Barker et 
al” 1993; George et al” 1994), GenPept (translated coding sequence features 
from the GenBank), Protein Data Bank (PDB), Katbat's database of sequences 
of immunological interest, transcription factors protein database (Ghosh, 
1991) and database of translations of ALU sequences. Normally the sequences 
reported in this project were searched against the nonredundant nucleotide 
sequence database, which includes sequences from PDB, GenBank, EMBL 
and DBJ, by the BLASTN program with the EXPECT value of 0.75. The 
EXPECT value is the statistical significance threshold for reporting matches 
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against database sequence. Lower EXPECT thresholds are more stringent, 
leading to fewer chance matches being reported (Altschul et al., 1990). 
Sequence similarity identified by the BLAST programs was considered 
statistically significant with a Poisson P-value smaller than 0.01. The Poisson 
P-value is the possibility of as high a score occurring by chance, given the 
number of residues in the query sequence and the database (Adams et al, 
1991). 
The NCBI RETRIEVE E-mail server (address: 
retrieve@ncbi.nlin.iiih.gov) can be used to retrieve the information of a 
particular match. The information retrieved can help us to determine whether 
the adult human cDNA clones are full length or not. 
Collaborating with my co-worker, Wai-yip Lam, computer programs 
have been designed to send the E-mails, receive the results and extract useful 
information into a database semiautomatically (Lam et al., 1994). 
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2.11 Database for storing the result of each clone 
After sending the good quality sequences to the BLAST E-mail server, 
results in E-mail are generally received within ten minutes. The results were 
examined carefully to determine the identity of each clone. Then the 
sequencing and searching results of the human heart cDNA clones were stored 
in a database created by the commercially available software DBASE IV™. 
The database has five fields, the name of the clone (CLONE), the number of 
base pairs sequenced (LEN), the putative identity of the clone (PUTJD), the 
name of the database and the accession number of the nucleotide sequence 
that matched with the highest score (ACCESSION) and the matching 
percentage (PER). 
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2.12 Effects of agar and agarose on Vent™ and Taq DNA 
polymerases (Tsui et al” 1995) 
Vent- DNA polymerase and Vent™R (exo.) DNA polymerase were from 
New England Biolabs. PCR reagent kits with Native Taq DNA polymerase 
and AmpliTaq™ DNA polymerase were from Perkin-Elmer Cetus. Bacto-agar 
was purchased from Difco Laboratories (cat. no. 0140-01). Agarose (cat. no. 
A9793) was from Sigma Chemical. PCR was performed in a thermal cycler 
from Thermolyne. The DNA template used was a plasmid obtained from Dr. 
Y.L. Chui (CUHK, HK). One primer (5，CGGCCGGAATTCAGTCTCCAG 
CAATCATGT) corresponds to the nucleotide sequence coding for the 
beginning of the mature immunoglobulin protein and another primer (5, 
TTGTCTGTTGTGCCCAG) is complementary to the nucleotide sequence 
near the 5' end of the coding sequence of Tn5. The expected size of the PCR 
product was 169 bp long. 50ng of the plasmid DNA was used per PCR 
reaction. 
For Vent™ DNA polymerase and Vent™, (exo") DNA polymerase, the 
reaction mixture contained lOmM KCl, lOmM 20mM Tris-HCl 
(pH 8.8), 2mM MgSO*，0.1% Triton X-100，200mM dNTPs, 0. ImM primers, 
1.5U Vent™ DNA polymerase or VenK(exo") DNA polymerase. For native 
Taq DNA polymerase or AmpliTaq™ DNA polymerase, the reaction mixture 
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contained 50mM KCl, lOmM Tris-HCl (pH 8.3), 1.5mM MgCl^, 0.001% 
(w/v) gelatin, 200mM dNTPs, O.lmM primers, 1.5U native Taq DNA 
polymerase or AmpliTaq™ DNA polymerase. The reaction mixture was 
overlaid with 30^1 of mineral oil. One cycle consisted of 40 sec at 95�C，40 
sec at 60°C and 1 min at 72�C. The volume for all PCR reactions was 50^1. 
An aliquot (5^1) of PCR products was run in a 1.2% agarose minigel. 
To investigate the effects of agar, agarose and carrageenan on different 
polymerases, the PCR reactions were divided into two groups; each group 
contained four PCR reactions using the four different DNA polymerases 
respectively and four other PCR reactions without agar or agarose as controls. 
The amount (500ng/inl) of agar or agarose slices used was estimated by taking 
into consideration that the concentration of agar or agarose in plates is 
O.OlSg/ml, the volume of SM used is 50^1, the volume of agar or agarose 
picked by a Pasteur pipette is 0.015 ml and the volume of phage suspension 
used in each PCR reaction is 5 i^l. 
To investigate the effect of different concentrations of carrageenan on 
Vent™ polymerase, 100, 10，0.1，0.01, O.OOl^g/ml of carrageenan were added 
to the sixth group of PCR reactions with one more PCR reaction as control. 
To investigate the effect of different concentrations of agar on different 
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polymerases, different concentrations of the agar were added to the PCR 
reactions. Moreover, we also examined the effect of inhibitors from agar when 
real plaques were amplified with the four different DNA polymerases and the 
effect of inhibitors from agarose when real plaques were amplified with 
Vent™R (exo ) DNA polymerases. 
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2.13 Mini-preparation of plasmid DNA (Sambrook et al” 1989) 
A recombinant plasmid was transformed into appropriate E. coli strain. 
Single colonies from a fresh transformation were used to inoculate 1.5ml 
sterile LB medium with appropriate antibiotics, and these were grown 
overnight with shaking at 37�C. 1.2ml of the overnight culture was transferred 
to a 1.5ml Eppendorf tube. The bacterial cells were harvested by 
centrifugation at 4000g for 10 min at 4�C. The bacterial pellet was 
resuspended in lOO i^l of solution I (25mM Tris-Cl，pH 8.0 and lOmM of 
EDTA). Then, 200^1 of solution E (0.2M NaOH and 1% SDS) was added and 
the tube was placed on ice for 5 min. Afterwards, 150^14M sodium acetate 
(pH 5-6) was added and the tube was placed on ice for another 15 min. The 
tube was centrifuged at 10,000g for 10 minutes and the supernatant was 
transferred to another 1.5ml Eppendorf tube. 1ml of ice-cooled ethanol was 
added and this was placed at -20 for 20 min. The plasmid DNA was 
harvested by centrifugation at 10,000g for 10 min at 4�C. After washing with 
70% ethanol and drying with speed-vac, the plasmid DNA can be resuspended 
in an appropriate volume of TE buffer or sterile deionized water. 
This method was used to prepare the recombinant plasmids during the 
cloning of the hCRHP into the pAED4 vector and the screening of positive 
transformants. 
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2.14 Large scale preparation of plasmid DNA 
Plasmid DNA was prepared in a large scale by anion-exchange 
chromatography (Diagen). Briefly, a recombinant plasmid was transformed 
into appropriate E. coli strain by the method of Sambrook and his co-workers 
(Sambrook et al, 1989). Single colonies from a fresh transformation were 
used to inoculate 100ml sterile LB medium with appropriate antibiotics, and 
these were grown overnight with shaking at 37�C. The bacterial cells were 
harvested by centrifugation at 4,000g for 10 min at 4�C. The bacterial pellet 
was resuspended in 4ml of PI solution (lOO^ig/ml RNase A, 50mM Tris/HCl 
pH 8.0，lOmM EDTA). Then, 4ml ofP2 solution (200mM NaOH，1% SDS) 
was added. The tube was inverted for several times and was incubated at room 
temperature for five minutes. 4ml ofP3 solution (2.55M potassium acetate, 
pH 4.8) was then added. After inverting the tube for six times, the tube was 
centrifuged at 18,000rpm for 30 min at 4�C. The supernatant was transferred 
to another tube. 
The Qiagen column (Diagen) was equilibrated with 2.0ml QB solution 
(750mM NaCl, 50mM MOPS pH 7.0，15% ethanol). The supernatant was 
then applied carefidly into the column. After washing twice with 4ml each of 
QC solution (l.OM NaCl, 50mM MOPS pH 7.0，15% ethanol), the plasmid 
DNA was eluted by 2.0ml of QF solution (1.2M NaCl, 50mM MOPS pH 8.0， 
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15% ethanol). Then, 1ml ofisopropanol was added and the plasmid DNA was 
harvested by centrifogation at 18,000rpm for 30 min at 4 � C After washing 
with 70% ethanol and drying with speed-vac, the plasmid DNA can be 
resuspended in an appropriate volume ofTE buffer (lOmM Tris, ImM EDTA) 
or sterile deionized water. The yield is normally 0.4mg/100ml of bacterial 
culture. 
This method was used to prepare mg quantities of the pAED4 vector 
for cloning. The recombinant plasmid pAED4-hCRHP was also prepared in 
a large scale for subsequent procedures and storage. 
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2.15 Cloning the human cysteine rich heart protein (hCRHP) 
into the pAED4 vector (Kosa et aL，1994; Studier et aL’ 1990) 
PCR of hCRHP was done by using the hCRHP cloning primer 
(5TAGGGCCATAIGCCCAAGTGTCCCAAGTGC3') and an oligo-dT 
primer (5TAGGGCGAATTCTTTTTTTTTTTTTTTTTT3'). An Ndel site and 
an EcoRI site were present in the hCRHP cloning primer and the oligo-dT 
primer respectively. Both primers have an end-clamp (TAGGGC) which 
facilitated cleavage by the restriction enzymes (MacFenin et al” 1993). The 
lambda gtl 1-hCRHP phage was used as the DNA template for PCR. After 
cutting with the Ndel and EcoRI restriction enzymes, the PCR product was 
subcloned into the "ATG" site of the T7 expression vector — pAED4 (a gift 
from Doering and Matsudaira) (Olins et aL, 1988a; Olins et aL, 1988b; 
Rosenberg et aL, 1987). The schematic diagram of the expression vector 
pAED4 was shown in Figure 1. pAED4 is a derivative of pET-3a (Novagen). 
It has the necessary sequences for T7 polymerase expression (promoter, start, 
terminator) cloned into a pUC19 backbone containing an f l intergenic region 
for the production of single-stranded DNA. The host strain of pAED4 is E. 
coli strain BL21(DE3)，which contains a chromosomal copy of the T7 RNA 
polymerase gene under the control of the inducible lacUV5 promoter. 
Addition oflPTG to a growing culture induces the polymerase, which in turn 
transcribes the target DNA in the plasmid. An advantage of this vector is the 
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high plasmid copy from pUC 19 that results in high yields of DNA and 
protein. The single-stranded and double-stranded DNA can be sequenced with 
a commercial T7 promoter primer. Another primer located near the terminator 
was designed so that the insert can be sequenced from both directions. 
The success of the directional cloning was proved by restriction cutting 
of the putative recombinant plasmid, PCR using primers complementary to the 
internal sequence ofhCRHP and manual sequencing. 
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Figure 1 Schematics diagram of the pAED4 vector. T7.Pr: T7 promoter; 
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Materials and Methods 
2.16 Expression of hCRHP in E. coli (Furlong et al” 1992; 
Studier 过 ai, 1990) 
The recombinant plasmid pAED4-hCRHP was transformed into E. coli 
strains BL21(DE3), BL21(DE3)pLysS and BL21(DE3)pLysE by the method 
of Sambrook and his co-workers (Sambrook et al, 1989). Single colonies 
from a fresh transformation were used to inoculate 2ml sterile LBACm 
medium (200^g/ml ampicillin and 34^g/ml chloramphenicol), and these were 
grown overnight with shaking at 3TC. 250^1 of the overnight culture was 
added to 5ml of fresh sterile LBACm. This was shaken at 37�C and monitored 
spectrophotometrically until ODgoo 二 0.5-0.6. Then, 1ml of culture was 
transferred to another tube and this culture served as a control. The synthesis 
ofhCRHP in the remaining 4ml culture was induced by the addition of IPTG 
to a concentration of 0.4mM. The cultures were shaken at 37�C for another 
three hours, and then 1ml of each was transferred to a 1.5ml Eppendorf tube 
and microcentrifiiged for one minute. The supematants were discarded and 
each cell pellet was resuspended in 200^1 of SDS-PAGE loading buffer. The 
samples were then heated in a boiling water bath for five minutes. Aliquots 
(25 � of each sample were loaded onto a 15% SDS-PAGE mini-gel (Laemmli 
et al” 1970) while still warm. The proteins were stained for one hour with a 
0.1% Coomassie brilliant blue solution (40% methanol and 10% acetic acid). 
The gel was destained in a destaining solution (40% methanol and 10% acetic 
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acid) overnight. 
The result of expression was not satisfactory using the protocol 
mentioned above. However, when 0.2mM ZnS04 was supplemented during 
induction (Kosa et al, 1994), nearly all successful transformants produced a 
large amount of the cloned protein upon induction. 
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2.17 Northern hybridization 
Total RNA was isolated from human fetal heart tissue using guanidine 
thiocyanate coupled with cesium chloride precipitation (Sambrook et al, 
1989). About 30|iig total RNA was resolved in 1.5% agarose/2.2M 
formaldehyde gel. The RNA was then transferred to Nylon membrane 
(Amersham) and fixed by baking under vacuum at 80°C for 2 h. A pair of 
primers within the coding region of the hCRHP were designed to give a PCR 
product of 204 base pairs. A radioactive random-primed probe was made 
using the purified PCR product as template. Northern hybridization was done 
by hybridizing the membrane with the p^PJ-labelled probe at 42�C in the 
presence of 50% formamide for 20 hours. The membrane was washed to 
remove nonspecific annealing. Autoradiography was performed at -70�C. 
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2.18 Partial protein sequencing of hCRHP 
Proteins from 1ml of induced culture were transferred to PVDF 
membrane at 30V, 4�C. Then the PVDF membrane was stained for 15 min 
with a 0.1% Coomassie brilliant blue solution (40% methanol and 10% acetic 
acid). The band corresponded to the hCRHP was cut and placed in a 1.5ml 
Eppendorftube. The hCRHP was then sequenced with the help of Dr. C. Hew 
on a Porton-gas phase microsequencer, model 2090 with on-line PTH analysis 





3.1 The sequencing results of adult human heart cDNA clones 
We have sequenced 5164 adult human heart cDNA clones from the 
cDNA library. With two automatic sequencers we can partially sequence 
about 800 clones per month and the average success rate is 73%. Therefore, 
about 500 usable sequences can be generated monthly. Totally 1,275,777 base 
pairs have been sequenced. The average length of the sequence is 247 base 
pairs. A summary of results obtained from our database search is shown in 
Table 1. 
Note that The Chinese University of Hong Kong is collaborating with 
The University of Toronto in this project. Of the 5164 clones, 1528 clones 
were contributed by The University of Toronto. The 3636 clones from the 
Biochemistry department of The Chinese University of Hong Kong were 
sequenced by myself and my co-workers: Hemy Cheung, Louis Kok，Wai-yip 
Lam, Patrick Law, Agnes Lo, Vivian Lui, Sharon Luk，Simon Oi, Christine 
Tung, Nathan Yam. I have sequenced the first thousand of the clones, 




Novel sequences (no significant match with any known gene) and 
sequences matched to other human ESTs only were submitted to GenBank. 
The criteria for submission were that sequences are at least 150 bases in 
length. The sequences submitted have been screened against the vector 
sequence to avoid contaminating the GenBank DNA database (Lamperti et al, 
1992; Lopez etal, 1992; Reynolds, 1994). 
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Table 1 Categories of cDNA from adult human heart cDNA library 
BLASTN search result Number of clones % 
No match 2250 43.6 
Match to human ESTs 506 9.8 
Human match 1044 20.2 
Non-human match 217 4.2 
Alu repeat 42 6 8.2 
Other repeat 143 2.8 
Mitochondrial 550 10.7 
Ribosomal RNA 2 8 0.5 
Total 5164 100.0 
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3.2 Accuracy of sequencing results 
Those 45 sequences were randomly chosen from 421 clones with 
mitochondrial matches. Totally 9901 base pairs were aligned and the average 
accuracy of the sequence within the first 300 base pairs was over 97% (Table 
2). This percentage falls within the acceptable range of accuracy for expressed 
sequence tags sequencing and shows that the results of this project are reliable 




Table 2 Accuracy assessment using 45 clones which match with 
human mitochondrial genome 
Range of sequences Number of base Accuracy 
(base pair) pairs counted (%) 
1-100 4400 98.8 
101-200 3593 97.1 
201-300 1444 96.7 
301-400 464 95.7 
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3.3 Catalogues of genes expressed in the adult human heart 
Totally, there are 1044 human matches and 217 nonhuman matches. 
To study the pattern of gene expression in the adult human heart, 1230 human 
matches and nonhuman matches are categorized into eleven groups: 
contractile elements, cytoskeleton and related proteins, extracellular matrix 
proteins, proteins involved in energy metabolism, hormones and proteins 
involved in hormonal regulation, proteins that participate in signal 
transduction and cell regulation, proteins of transcriptional and translational 
machinery, membrane associated proteins, heat shock proteins, proteins 
involved in other metabolism and miscellaneous proteins (Table 3，4). Thirty 
clones that are prokaiyotic-like (Anderson, 1993; Savakis et al” 1993; White 
et al.，1993) are excluded from this analysis. 
The most abundant gene in the adult human heart cDNA library is the 
p-myosin heavy chain (Liew et al, 1990). It represents 1.49% of all ESTs 
generated in this project. The second is the alpha-cardiac actin (0.64%). Both 
of them are contractile elements that play important roles in the function of 
the cardiac muscle cells. 
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Table 3 Expression profile of adult human heart cDNA library 
Category Percentage (%) 
Contractile element 18-9 (232) 
Cytoskeleton related 10-2 (126) 
Extracellular matrix 8.7 (107) 
Energy metabolism 12.4 (153) 
Hormones and hormonal control 3.4 { 42) 
Signal transduction/cell regulation 7.2 ( 88) 
Transcription and translation 18.6 (229) 
Membrane associated 6.9 ( 85) 
Heat shock protein 2.1 ( 26) 
Other metabolism 4.9 (60) 




Table 4 Human cardiac ESTs which are matched to known genes in the 
GenBank and EMBL databases. Presented are genes to which cardiac ESTs 
matched, together with accession numbers for these genes and number of 
clones from which the ESTs were derived. In cases where multiple clones 
representing a single gene exist, only a single, representative clone is given. 
In cases where ESTs matched to non-human sequences，the organism from 
which the matching sequence was derived is also indicated in paretheses. 
Genes Locus Frequency 
1) Contractile elements 
Actin, alpha gbJ05192 6 
Actin，aortic smooth muscle alpha gb M33216 1 
Actin, cardiac alpha gb J00071 33 
Calcium protein placental homolog gb M80563 1 
Calmodulin gbM78211 1 
Calsequestrin (Rabbit) gb X55040 2 
Histidine-rich calcium binding protein gb M60052 3 
Myosin binding protein H gb L05606 1 
Myosin IB (Cow) gb Z22852 1 
Myosin, smooth muscle gb X69292 2 
Myosin heavy chain, cardiac alpha (Rabbit) gb KO1867 1 
Myosin alkali light chain, atrial gb X1395 5 3 
Myosin alkali light chain, embryonic gb M36172 3 
Myosin alkali light chain, fetal skeletal gb M22918 1 
Myosin alkali light chain, non-muscle gb M22918 3 
Myosin alkali light chain, ventricular gb M24122 2 
Myosin alkali light chain (Mouse) gb X12972 1 
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Myosin light chain, 20 kDa gb J02854 4 
myosin light chain 1, embryonic skeletal gb X52005 1 
Myosin light chain 1, ventricular gb X07373 2 
Myosin light chain 2 gb S69022 1 
Myosin light chain 2，atrial gb M94547 10 
Myosin light chain 2, ventricular gb X14332 10 
Myosin light chain, embryonic atrial gb M37075 1 
Myosin light chain IV/Sb isoform gb M24248 2 
Myosin regulatory light chain gb X54304 1 
Myosin heavy chain, smooth muscle (Rabbit) gb M77812 1 
Myosin heavy chain, cardiac alpha gb M21664 4 
Myosin heavy chain, cardiac beta gb X06976 11 
Myosin heavy chain, cardiac gbX03741 2 
Myosin heavy chain，embryonic emb X51593 1 
Myosin heavy chain, non-muscle gb M31013 2 
Skeletal muscle C-protein (Chicken) gb M31209 2 
Titin gb X69490 1 
Tropomyosin, skeletal beta gb Ml2126 1 
Tropomyosin, skeletal alpha gb Ml9713 18 
Tropomyosin, epithelial gb M75165 1 
Tropomyosin, fibroblast gb X05276 4 
Troponin C, cardiac gb M37984 1 
Troponin C, slow skeletal gb X07897 1 
Troponin I，cardiac gb M64247 3 
Troponin I，slow-twitch skeletal gb Ml 9713 3 
Troponin T，cardiac gb S64668 13 
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2) Cytoskeleton and related protein 
Actin, beta gbX00351 4 
Actin, gamma gbM16247 4 
Actin，cytoskeletal gamma gb S57813 1 
Actin, gamma pseudogene gb M37130 2 
Actin, gamma-118 pseudogene (Mouse) gb X13056 1 
Actin, cytoplasmic gb V00478 1 
Actin, skeletal gb M12866 1 
Actin-binding protein gb X53416 6 
Actin bundling protein gb U03057 1 
Actin related protein gbZ14978 2 
Actinin, alpha gbX15804 1 
Actinin, non-muscle alpha gbM95178 1 
Actinin，skeletal alpha-2 gb M86406 8 
Adaptin, beta gbM34175 1 
Assembly protein AP50 (Rat) gb M23674 4 
Capping protein beta-subunit (Mouse) gb U10407 2 
Catenin, alpha dbj D13866 1 
Catenin, beta gbZ 19054 2 
Centrosome-associated actin homolog (Dog) gb S45367 1 
Clathrin associated protein, beta chain (Rat) gb M77245 1 
Cofilin gb D00682 2 
Colligin gbX61598 4 
Crystallin, alpha-B emb M28638 1 
Cytokeratin gb X12882 1 
Desmin gbM26935 5 
Desmoplakin gb J05211 1 
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Destrin (Pig) gbD90053 1 
Dynamin gbL07807 2 
Dynein-associated polypeptide (Rat) gb X62160 1 
Dynein, cytoplasmic intermediate chain (Rat) emb X66845 1 
Dynein heavy chain，cytoplasmic (Rat) gb L08505 3 
Fodrin, beta gb S65762 1 
Immediate filament protein desmin (Chicken) gb K02445 1 
Kinesin-related protein dbj D14678 1 
LaminC gbM13451 2 
Microtubule assembly protein (Rat) gb X60370 1 
Microtubule-associated protein 4 gb M64571 1 
Mitotic kinesin-like protein gb X67155 1 
Moesin gb M69066 2 
Nuclear mitotic apparatus protein gb Z14228 2 
Scaffold protein 120 (Rat) gb D14048 1 
Skelemin (Mouse) gb Z22866 4 
Skeletal 165 kDa protein gb X69089 1 
Skeletal 190 kDa protein / filamin gb X69090 7 
Spectrin, non-erythroid alpha gb J05243 2 
Syntrophin-1 (Mouse) gb U00677 1 
Talin (Mouse) gbX56123 1 
Tubulin, alpha gbK00558 11 
Tubulin, beta gb V00599 14 
Vimentin gb M25246 4 
Zyxin (Chicken) gb X69190 1 
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3) Extracellular matrix 
Biglycan gbM65154 1 
Cellular adhesion regulatory molecule gb S54769 1 
Collagen type I alpha-1 gb M55998 21 
Collagen type I alpha-2 gb J03464 9 
Collagen type III alpha-1 gb M59227 6 
Collagen type IV alpha-1 gb M26549 2 
Collagen type IV alpha-2 gbX05610 5 
Collagen type V alpha-1 gb M76729 2 
Collagen type V alpha-2 gb X04758 1 
Collagen type VI alpha-1 gb X15880 1 
Collagen type VI alpha-3 gb X04758 1 
Collagen type XIV alpha-1 (Chicken) gb LI 1659 1 
Collagen type XV alpha-1 gb LO1697 1 
Collagen type XVI alpha-1 gb L22548 1 
Collagen type XVIII alpha gb L22548 1 
Collagenase type IV gb J03210 1 
Connectin (Chicken) gbD 16844 1 
Elastin gb M20428 7 
Extracellular matrix protein BM-40 gb Y0075 5 3 
Fibrillin-2 gb U03272 1 
Fibronectin gb M10905 4 
Heparan sulfate proteoglycan emb X62515 1 
Fibulin C emb X53743 1 
Fibulin D gbU01244 1 
Fibulin D (Mouse) emb X70854 1 
Integrin alpha-3 chain gbM59911 1 
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Integrin alpha-6 chain gb X53586 2 
Integrin alpha-7C (Rat) gb X74294 1 
Integrin beta-5 subunit gb X53002 1 
Integrin H36-alpha-7 alpha chain (Rat) gb X65036 3 
Laminin B2 chain gb M55210 3 
Laminin M chain emb Z26653 1 
S-laminin gb X72760 1 
Laminin binding protein gb XI5005 1 
Laminin receptor gbM14199 2 
Laminin receptor homolog gb S35960 5 
Laminin receptor, lung gb S3 7431 3 
Nidogen gb M30269 2 
Osteonectin gb M25746 2 
Pleiotrophin gb S50404 1 
Thrombospondin gb X04664 1 
Undulin/collagen (Chicken) gb X66137 1 
Vitamin D-binding protein gb L10641 1 
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4) Energy metabolism 
2,4-dienoyl-CoA reductase (Rat) gb D00569 2 
6-phosphogluconate dehydrogenase (Sheep) gb X60195 2 
Aconitase, heart (Pig) gb J05224 3 
ADP/ATP translocase gb 103 592 3 
ADP/ATP translocase T2 (Cow) gb M24103 1 
Aldolase A gb Ml 1560 6 
Aldolase A, fibroblast gb X05236 7 
Aldolase C embX05196 3 
Apolipoprotein J gb J02908 1 
Arginosuccinate synthetase gb KO1844 1 
Aspartate aminotransferase gb M37400 1 
ATP synthase gamma-subunit gb S66915 1 
ATP synthase subunit 9，mitochondrial gb U09813 1 
Calcium-ATPase gb M23115 3 
Carnitine palmitoyltransferase (Rat) gb L07736 1 
Citrate synthase (Pig) gbM21197 2 
Creatine kinase M gbM21494 7 
Creatine kinase, mitochondrial gb J05401 1 
Cytochrome b5 gb S76422 1 
Cytochrome bc-1 core protein II gb J04973 3 
Cytochrome c gb D00265 1 
Cytochrome cl gbM16597 1 
Cytochrome c oxidase gb M34600 1 
Cytochrome P450 reductase gb S90469 1 
Dihydrolipoamide dehydrogenase gb 103620 1 
Enolase, alpha gb M14328 5 
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Enolase, beta gb X16504 1 
Fl-ATPase beta subunit dbj D00022 1 
Flavoprotein subunit dbj D30648 1 
Fructose 1,6-diphosphate aldolase A gb M21190 2 
Galactose-1 -phosphate uridyl transferase gb M96264 1 
Glucosidase, co-beta gb J03077 1 
Globin gb M69023 1 
Globin, alpha-2 emb V00516 1 
Globin, beta precursor gb M14574 1 
Glucose-6-phosphate dehydrogenase gb A17975 1 
Glucose phosphate isomerase gb L09105 1 
Glucose-regulated protein gb Ml9645 1 
Glyceraldehyde 3-phosphate dehydrogenase gb J02642 17 
Glycogen phosphorylase, brain gb J03544 3 
Glycogen synthase kinase 3 alpha (Rat) gb X53427 1 
H(+)-ATP synthase subunit b gb S50157 1 
Hemoglobulin, alpha gb M22814 1 
Iron sulphur protein gb X61100 1 
Ketoacid dehydrogenase kinase (Rat) gb M93271 1 
Lactate dehydrogenase A gb X02152 3 
Lactate dehydrogenase B gb X13799 2 
Lipoprotein lipase gb Ml5856 1 
Long chain enoyl-CoA hydratase dbj D16480 1 
Malate dehydrogenase (Mouse) gb M16229 2 
Malate dehydrogenase (Pig) gb M29463 3 
N-acetylglucosaminyltransferase I gb M5 5621 1 
NADH-cytochrome b5 reductase gb M16462 3 
NADH-ubiquinone oxidoreductase gb L04490 1 
NADP-isocitrate dehydrogenase (Pig) gbM86719 1 
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Neuroleukin gbX16539 3 
Oligomycin-sensitivity conferral protein (Cow) gb Ml8753 1 
2-oxoglutarate dehydrogenase dbj D10523 1 
Phosphofructokinase, liver gbX15573 1 
Phosphofructokinase, muscle gb Y00698 2 
Phosphogluconate dehydrogenase gb T09418 1 
Phosphoglycerate kinase gb LOO 160 1 
Phosphoglycerate kinase, X-linked gb Ml 1968 1 
Phosphoglycerate mutase，type B subunit gb J04173 2 
Pyruvate dehydrogenase El-beta subunit gb M34056 2 
Pyruvate kinase, M2-type gb M23 725 10 
S-adenosylhomocysteine hydrolase gb M61831 1 
Serine hydroxymethyltransferase gb LI 1932 2 
Transglutaminase gb M55153 5 
Triose-phosphate isomerase gb Ml0036 1 
Ubiquinone-binding protein gbM35761 2 
Ubiquinone oxidoreductase CI-ASffl (Cow) gb X63209 1 
Ubiquinone oxidoreductase CI-B13 (Cow) gb X63218 1 
Ubiquinone oxidoreductase CI-B14 (Cow) gb X63211 1 
Ubiquinone oxidoreductase CI-SGDH (Cow) gb X63208 1 
Ubiquinone oxidoreductase MLRQ (Cow) emb X64897 1 
Very-long-chain acyl-CoA dehydrogenase dbj D30647 1 
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5) Hormones and hormonal regulation 
Angiotensinogen gb K02215 1 
Cardiodilation atrial natriuretic factor gb M54951 18 
Cysteine-rich FGF receptor (Chicken) gb M95766 1 
Enkephalin gbVOOSlO 1 
Glutathione-insulin transhydrogenase gb X07077 1 
Inhibin beta-A subunit gb X72498 1 
Insulin-like growth factor II gb X07868 4 
Insulin-like growth factor binding protein 5 gb M62403 2 
Insulin receptor gb L07782 1 
Preproenkephalin (Rat) gbX59136 1 
Preproenkephalin, adrenal (Cow) gb J00005 1 
Prothymosin alpha gbL21695 1 
Retinoic acid binding protein gb M68867 1 
Retinoic acid receptor gb X06614 1 
Retinoic acid receptor gamma-1 gbM38258 1 
Steroid hormone receptor gb X51416 1 
Steroid sulfatase gbM16505 1 
Thyroxine hormone binding protein gb J02783 3 




6) Signal transduction and cell regulation 
Adenylyl cyclase V (Dog) gb M88649 3 
Adenylyl cyclase VI (Dog) gb M94968 1 
ADP-iibosylation factor 3 gbM33384 1 
A-raf-1 oncogene gb X04790 1 
Bone morphogenetic protein 1 gb M22488 1 
Casein kinase I delta (Rat) gb L07578 1 
CDC 25B gbM81934 1 
cGMP phosphodiesterase gb X62695 1 
c-myc gbX54629 1 
Coupling protein G(s) alpha gb X04409 3 
c-sis gb M32009 1 
c-syn gbM14333 1 
Cyclase associated protein 6 gb M98474 1 
Cyclin gb Ml 5796 3 
Dishevelled segment polarity protein (Mouse) gb U10115 1 
Drosophila female sterile homeotic homologue gb X62083 1 
Enigma gbL35240 1 
Epsilon 14-3-3 protein (Mouse) gb Z19599 1 
Gamma 14-3-3 protein (Rat) gb D17447 1 
Gastrin-binding protein p78 gb M80359 1 
G(i) protein alpha-subunit (Cow) emb X03642 1 
GsGTP binding protein gb M77857 1 
GTPase gbL25081 1 
GTP-binding protein Rab5 gb U18420 1 
GTP-binding protein Rabl3 emb X75593 1 
GTP-binding protein rho gb X05026 1 
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GTP-binding protein rho (Rat) gb M83678 1 
GTP binding protein (Ray) gbM38392 1 
GTP-binding protein MovlO (Mouse) gb X52574 1 
Guanine nucleotide-binding protein G-s alpha gb M14631 2 
Guanine nucleotide exchange factor delta gb M98036 1 
Guanylate cyclase gb L13436 1 
Interleukin-5 receptor gbX61177 1 
Lipocortinll gbD00017 1 
Macrophage migration inhibitory factor gb M95775 1 
Modifier 3 protein (Mouse) gb X62537 1 
Oncogene can gb X64228 2 
P5 protein (Mouse) gb X62678 1 
Phosphatase 2A regulatory chain gb J02902 1 
Phosphatase 2A beta-subunit gb M60484 1 
Phosphatase I alpha subunit gb J04759 2 
Phospholipase C-alpha dbj D16234 1 
Phosphoprotein 2，M phase gb L16783 1 
Phosphotyrosyl phosphatase activator emb X73478 1 
Proliferating-cell nucleolar protein gb M3 2110 1 
Protein kinase I，calcium-dependent (Rat) gb L24907 1 
Protein kinase A regulatory subunit gb S54711 1 
Protein kinase C substrate gb J03075 3 
Protein kinase, cAMP-dependent gb M3115 8 1 
Protein kinase, cAMP-dependent type II gb M90360 1 
Protein kinase, p55CDC gb U05340 1 
Protein kinase, cyclin-dependent gb M14505 1 
Protein kinase, serine /threonine gb X66363 3 
Protein kinase, serine /threonine gb L20321 1 
Protein kinase, serine /threonine gb Z25432 1 
78 
Results 
Protein kinase, zpk gb U07358 1 
Protein linked to N-ras (Rat) gb X52311 2 
Protein tyrosine phosphatase beta gb X54131 1 
Proto-oncogene tyro sine-protein kinase gb U07563 1 
Ras-like protein YL8 gb X53143 1 
RecA-like protein gb D13 804 1 
Rho gap protein gb Z23024 1 
Ror 1 receptor tyrosine kinase gb M97675 1 
Secretogranin I gb Y00064 1 
Signal recognition particle (Dog) gb X53744 1 
SIAH- IB protein (Mouse) gb Z19580 1 
Stathmin gb X53305 1 
Transducin-like enhancer protein gb M99436 2 
Tyrosine kinase TIE-2 (Cow) gb X71424 1 
Tyrosine phosphatase (Mouse) emb X58287 1 
Valosin-containing protein (Pig) gb M30143 1 
v-ras transformation suppressing protein gb L12535 2 
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7) Transcription and translation 
Acidic ribosomal phosphoprotein PO gb M17885 5 
Acidic ribosomal phosphoprotein P2 gb Ml7887 1 
Alpha palindromic binding protein gb U02683 2 
AU-rich RNA binding protein gb U02019 1 
Bone morphogenetic protein (Mouse) gb L24755 2 
CAAT-box binding transcription gb X12492 1 
Chaperonin emb X74801 2 
Chaperonin-like protein gb M94083 1 
Cis acting sequence gb M82882 1 
Cysteine-rich intestinal protein (Mouse) gb Ml3018 1 
DNA-binding protein gbL19597 3 
DNA-binding protein gbL23113 1 
DNA-binding protein gb L23114 1 
DNA-binding protein A gb M24069 2 
DNA-binding protein B gb M24070 4 
DNA-binding protein insulinoma rig-analog gb M85523 3 
DNA-binding protein YAVREB67 gb M85523 1 
DNA repair helicase gb M31899 1 
DNA topoisomerase II gb J04088 1 
Drosophila female sterile homeotic homologue gb X62083 1 
Drosophila polarity gene (Rat) gb L02529 1 
Elongation factor 1 -alpha gb M29548 22 
Elongation factor 1-delta gb Z21507 1 
Elongation factor 1-gamma gbZ11531 5 
Elongation factor 2 gb Ml9997 5 




H19RNA gb M32053 6 
Heat shock factor 1 gb M64673 1 
Histone HI (0) gb X03473 1 
HistoneH3.3 emb X05855 1 
hnRNP complex K gb S74678 2 
huRNP protein gb X16135 1 
hnRNP core protein Al gb X06747 6 
hnKNP type A/B protein gb M65028 1 
hnRNP-E2 gbX78136 1 
Homeotic gene PBX2 gb X59842 1 
Homeotic gene PBX2mhc dbj D28769 1 
Homeotic protein gb Z12172 1 
Homeotic protein dlk emb Z12172 1 
Initiation factor 4AI gbD13748 1 
Initiation factor 4B gb X55733 5 
Kruppel-associated protein I gb M67509 1 
Large ribosomal subunit protein (Mouse) gb L08651 1 
LIM homeodomain protein (Rat) gb L06804 1 
Liver nuclear protein p47 (Rat) gb M75168 4 
Lysyl-tRNA synthetase (Yeast) gb J04186 1 
Major nuclear matrix protein gb M63483 1 
Nucleic acid binding protein (Mouse) gb L19661 1 
Nucleolin gb M60858 1 
Nucleosome assembly protein gb M86667 1 
Poly A binding protein gb Y00345 1 
Poly A site DNA emb Z24724 1 
Pre-mRNA splicing factor SF2p32 gb M69039 1 
Protein similar to enhancer of split hAES-1 gb X73358 2 
Protein similar to enhancer of split hAES-2 gb X73357 1 
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RibophorinI gbY00281 2 
Ribosomal protein L3 gb M90054 9 
Ribosomal protein L4 gb X73974 6 
Ribosomal protein L5 gbT07818 2 
Ribosomal protein L6 gb X69391 2 
Ribosomal protein L7 gb X52967 3 
Ribosomal protein L7a gb M36072 1 
Ribosomal protein L8 gb T07704 4 
Ribosomal protein LIO gb L25899 2 
Ribosomal protein LI 1 gb L05092 3 
Ribosomal protein L18 gb LI 1566 4 
Ribosomal protein LI8a gb L05093 1 
Ribosomal protein L19 gb S56985 1 
Ribosomal protein L23 gb X53777 1 
Ribosomal protein L23a gb U02032 1 
Ribosomal protein L29 (Rat) gb X68283 2 
Ribosomal protein L35 (Rat) gb M34331 1 
Ribosomal protein L37a gb L06499 2 
Ribosomal protein S2 gb X57432 1 
Ribosomal protein S3 gb S42658 4 
Ribosomal protein S3a gb M77234 1 
Ribosomal protein S4X gb M58458 1 
Ribosomal protein S6 gb M20020 1 
Ribosomal protein S8 gb X67247 2 
Ribosomal protein SIO gb U14972 1 
Ribosomal protein S12 embX53505 1 
Ribosomal protein S13 gb L05090 1 
Ribosomal protein S17 gbM13932 1 
Ribosomal protein S18 gbX69150 1 
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Ribosomal protein S19 gb M81757 2 
Ribosomal protein S20 gb T03274 2 
Ribosomal protein related to YL43 gb X60744 1 
RNAl homolog (Mouse) gbUOSllO 1 
RNA binding protein (Mouse) gb L17076 1 
RNA-binding protein EWS gb X66899 1 
Ro ribonucleoprotein autoantigen gb M32294 4 
Small nuclear ribonucleoprotein gb M57937 1 
Small nuclear ribonucleoprotein protein B gb X17567 1 
Splicesomal protein SAP 61 gb U08815 1 
SWI2-related gene 1 gb S66910 1 
TFIIIC Box B-binding subunit gb U02619 2 
Transcription factor ISGF-3 gb M9793 5 1 
Transcription factor, late upstream gb X55666 1 
Transcription factor LCR-Fl gb U08853 1 
Transcription factor S-II-related protein gb D00926 1 
Transcription regulation protein (Mouse) gb L36831 1 
Transcriptional enhancer factor ID (Chicken) gb U06851 1 
Translationally controlled tumor protein gb X16064 5 
TRAP-complex delta subunit (Rat) emb Z19087 1 
Trithorax-like protein gb LO1986 1 
snRNAU6 gb X59362 1 
snRNP gb M57937 1 
snRNPB gb X17567 1 
snRNP SM-D gb J04615 1 
Zinc finger protein 42 gb M58297 1 
Zinc finger protein 133 gb U09366 1 
Zinc finger HZFl emb X78924 1 
Zinc finger protein Kox5 gb X52336 1 
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Zinc finger pAT133 gbX69438 1 
Zinc finger protein in trnasformed cells gb M80583 1 
Zinc finger transcriptional regulator gb M92844 1 
Zinc finger protein (Mouse) gb M98502 1 
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8) Membrane associated 
Antigen, Class I (Chimpanzee) embX13115 1 
Antigen 6C6-Ag emb X81109 1 
Antigen MAGE-1 gb M77481 1 
Anion exchange protein 3 gb X70797 1 
Anion exchanger 3 brain isoform gb U05596 1 ； 
Anion exchanger, red cell emb X77739 1 
Aryl hydrocarbon receptor gb M69238 1 
Beta-amyloid A4 gbM78134 4 
Carbohydrate-binding protein 35 gbL13210 1 
Carcinoembryonic antigen (Rat) gb M60025 1 
CD34 gbM53910 2 
CD36 gb L06850 1 
CD63 gbM58485 2 
Chloride channel gb Z30643 1 
Chloride channel (Cow) gbL16547 1 
Chloride channel, CLC-Kl (Rat) gb D13927 1 
Complement Clr gbM14058 1 
Complement factor B gb X72875 1 
Estrogen receptor-related protein gb M69296 1 
Fibroblast growth factor receptor gb X56191 1 
Fibronectin receptor alpha-subunit gb M13918 1 
Fibronectin receptor beta-subunit gb X07979 1 
N-formyl peptide receptor gb S3 9148 1 
HLA-B-associated transcript 2 gb M33 518 1 
HLA-B associated transcript 3 gbM33519 6 
HLA-DR associated protein I gb X75090 1 
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Junctional SR glycoprotein (Rabbit) gb L10065 2 
KDEL receptor gb X55885 1 
Lectin gb J04456 1 
Lipoprotein receptor, low density gb L00336 1 
MHC class I IgG Fc region receptor (Rat) gb M3 5495 1 
MHCclassIHLA-B39 gb M29865 1 
MHC class I promoter binding protein emb X65463 1 
MHC homologous to chicken B complex gb M24194 1 
MUC18 glycoprotein (Mouse) gb X74628 1 
Myasthenic antigen B gb S60415 1 
Na+ channel, cardiac/tetrodotoxin-sensitive gb M77235 1 
Na+ channel, tetrodotoxin insensitive gb M7723 5 1 
Na+/K+ ATPase alpha-Ill subunit gb M37441 1 
Na+/K+ ATPase alpha-subunit gb J03007 4 
I Na/Ca exchanger gbM91368 1 
N-cadherin embX54315 1 
Nephritis transmembrane protein (Rat) gb L07318 5 
NMD A receptor glutamate-binding subunit (Rat) gb S61973 1 
Oncofetal antigen (Mouse) gb U06662 2 
Perforin 1 (Mouse) gb J04148 1 
P-glycoprotein (C. elegans) emb X65055 2 
P-glycoprotein (Drosophila) gb M59077 1 
Phosphate carrier emb X77337 2 
Phospholamban gb M63603 1 
Platelet alloantigen PLA-X emb X06705 1 
Platelet glycoprotein lb beta chain gb J03259 1 
Potassium channel subunit gb U04270 1 
Protocadherin 43 gb LI 1373 2 




Signal sequence receptor beta subunit (Dog) gb X53 529 1 
Thyroid autoantigen gb J04607 2 
Voltage-dependent anion channel gb L06132 4 
Voltage-gated calcium channel B, L-type gb L06111 1 
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9) Heat shock protein 
Heat shock cognate protein gb Y00371 4 
Heat shock cognate protein 70 pseudogene gb Y00481 1 
Heat shock protein 27 gb X54079 2 
Heat shock protein 40 gb D17749 2 
Heat shock protein 60 gb M34664 1 
Heat shock protein 70 gb Ml 1717 4 
Heat shock protein 89 alpha gb M27024 1 
Heat shock protein 90 gb Ml6660 7 
Inhibitor of actin polymerization (Chicken) gb X59541 3 
Stress-70 protein, mitochondrial (Mouse) gb D17666 1 
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10) Other metabolism 
Adenosine deaminase gb K02567 1 
Aspartate aminotransferase gb M22632 1 
Calcium activated neutral protease gb M31511 1 
Calpastatin gb M33328 1 
Calphobindinll gbDOOSlO 2 
I 
Carboxypeptidase, lysosomal serine gb S64262 1 
Carboxypeptidase N gb XI4329 1 
Cathepsin B (Cow) gb L06075 1 
Cholesterol 7-alpha hydroxylase gb L07951 1 
Choline kinase gbD10704 1 
Clotting factor VIII deletion junction gb M63324 1 
Cystatin C gb XI2763 1 
Cysteine conjugate beta-lyase (Rat) gb S61960 1 
Delta-aminolevulinate synthase gb X56352 1 
Deoxycytidylate deaminase gb L12136 1 
Epoxide hydrolase gb L05779 1 
Factor XIII b subunit gb M64554 1 
Ferritin heavy chain gb M12937 1 
Glutathione peroxidase, plasma dbj D00632 1 
High mobility group box gbM86737 1 
High mobility group-1 protein gb X12597 1 
Histamine N-methyltransferase (Rat) gb D10693 1 
Inosine-5-monophosphate dehydrogenase gb J04208 1 
Macropain subunit zeta gb X61970 1 
NAD+ ADP-ribosyltransferase gb M29786 1 




Peptidylglycine alpha-amidating mono-oxygenase gb M37721 1 
Peroxisomal 3-oxacyl-CoA thiolase emb X65145 1 
Peroxisomal enoyl hydratase protein (Rat) gb U08976 1 
Phosphatidylethanolamine binding protein gb X75252 1 
Placental poly(ADP-ribose) polymerase gb Ml 7081 2 
Placental ribonuclease inhibitor gb M22414 1 
Polyubiquitin (Pea) gb XI7020 1 
Pre-B cell enhancing factor gb U02020 1 
Pregnancy-specific beta-1 glycoprotein gb U04325 1 
Protease, Ca-dependent gb X04106 3 
Protease S4 gb L02426 1 
Proteasome-like subunit emb X71874 1 
Saposin protein A-D gb M32221 1 
Sialytransferase gb L13972 1 
Sorcin CP-22 gb M32886 1 
Superoxide dismutase gb K00065 1 
Ubiquitin gb X04803 8 
Ubiquitin activatin enzyme El gb X56976 1 
Ubiqiutin conjugated enzyme gb Z29328 1 
Uracil DNA glycosylase gb X53778 1 
UV-damaged DNA-binding protein (Monkey) gb L20216 1 




49 kDa protein gb L22069 1 
54 kDa protein gb U02493 1 
A5 protein (Frog) gb D10467 1 
AHNAK gb M80899 1 
Alpha-2 macroglobulin gbZl lTl l 3 
Alternatively spliced CUTLl gb L12579 1 
Anonymous gene gb L18972 1 
Anonymous mRNA with CCA repeat gb U15426 1 
Antibody MAC30 gb L19183 1 
Brain protein H5 (Mouse) gb X61452 1 
Coat protein COP, gamma (Cow) emb X70019 1 
Coatomer (Frog) emb X75935 1 
CyclophilinB gb M60057 1 
Cyclophilin，T-cell gb Y00052 1 
Cysteine-rich peptide gb M33146 2 
Developmentally regulated intestinal protein (Rat) gb M22400 1 
Deletion locus DNF1552 gb J03068 1 
Endogenous retrovirus HERV-K22 gb K03498 1 
Endogenous retrovirus RTVL-H2 gb Ml8048 1 
Epididymal apical protein 1 (Rat) gb X66140 1 
Epstein-Barr virus small RNAs emb X59357 1 
Granuloma associated factor (Mouse) gb L17305 3 
Hematopoetic proteoglycan core protein gb XI7042 1 
Histamine N-methyltransferase (Rat) gb D10693 1 
Homolog of murine tumor rejection homolog emb XI5187 1 
Immunoglobulin S(u) like protein gb X15517 1 
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Immunoglobulin VH emb X61013 1 
Interferon induced protein gb M3 0818 1 
LIM domain protein (Chicken) gb Z28333 1 
Liver expressed protein， cone 5 gbL13803 1 
Liver expressed protein, clone 1 gb LI3799 1 
Liver thioltransferase (Pig) gb M31453 1 
Major centromere autoantigen gb X05299 1 
Marker of hepatitis GOR (Chimpanzee) gb D10017 1 
Marker of tumor progression in melamona gb M29277 1 
Medium tumor antigen-associated protein gbM31786 2 
MGMl (Yeast) emb X62834 1 
Multidrug resistance-associated protein gb L05628 1 
Murine sarcoma 3611 viral oncogene homolog 1 gb L24038 1 
Myoglobin gb X00373 1 
Neutrophil oxidase factor gb U00776 1 
Non-erythroid band 3 protein gb X03 918 1 
Nuclear pore complex protein gb Z25535 1 
Nuclear respiratory factor-1 gb L22454 1 
P311 (Mouse) gb X70398 5 
Peripheral myelin protein 22 gb LOS 203 1 
Phospholipid transfer protein gb L26232 1 
Placental protein 14 gb M34046 1 
Poly (ADP-ribose) polymer gb Ml7081 1 
Reticulocalbin (Mouse) gb D13 003 1 
Retinal pigment epithelium protein gb L073 92 1 
RGH2 gbD11078 1 
Sarcolumenin protein (Rabbit) gb M25750 4 
Secreted cyclophilin-like protein gb M63573 1 
Smooth muscle protein SM22 gb M95787 2 
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TGET gb X75861 1 
T-protein of glycine cleavage system dbj D14686 1 
Transformation-sensitive protein gb M86752 1 
Translocation breakpoint encoded protein SET gb M93 651 1 
TRE oncogene gb X63546 1 
Valosin-containing protein (Pig) gb M30143 1 
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3.4 Effects of agar and agarose on Vent™ and Taq DNA 
polymerase (Tsui et aL，1995) 
Agar strongly inhibited Vent™ DNA polymerase and Vent™, (exo ) 
DNA polymerase but only moderately inhibited Native Taq DNA polymerase 
and AmpliTaq™ DNA polymerase. A significant amount of product was 
obtained for Taq DNA polymerase (Figure 2, compare lanes 1, 2, 3 and 4 with 
lanes 6, 7, 8 and 9). 500iLig /ml of agar nearly totally inhibited Vent™ DNA 
polymerase. 5 fold dilution of 500mg/ml agar completely voided the inhibitory 
effect of agar (Figure 3). On the other hand, the inhibitory effect of agarose 
on polymerases was not significant (Figure 4). 
When amplifying real plaques from agar plate using four different 
DNA polymerases, only PCR reactions using Native Taq DNA polymerase 
1 and AmpliTaq™ DNA polymerase gave positive results (Figure 5). On the 
I other hand, Vent™^ (exo ) DNA polymerase can amplify the DNA of real 
j plaques from agarose plates (Figure 6). 
I 
I found that lOOfxg/ml of carageenan nearly totally inhibited Vent™ 
DNA polymerase and Vent™R (exo.) DNA polymerase but the same 
concentration of carageenan did not inhibit Native Taq DNA polymerase and 
AmpliTaq™ DNA polymerase (Figure 7). However, 10 to 100 fold dilution of 
lOO^g/ml agar partially voided the inhibitory effect and 1000 fold or more 
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Figure 2 Ethidium bromide stained agarose gel showing the effect of agar on 
the four polymerases. Lanes 1, 2, 3 and 4 are controls with no agar added. 
Lanes 6, 7, 8 and 9 are PCR reactions that contain 500 ^g/ml agar. Vent™ 
DNA polymerase was used in lanes 1 and 6. Vent™, (exo ) DNA polymerase 
was used in lanes 2 and 7. Native Taq DNA polymerase was used in lanes 3 
and 8. AmpliTaq™ DNA polymerase was used in lanes 4 and 9. Lane 5: 200ng 
100 base-pair ladder ( Pharmacia LKB，Piscataway, NT). 
i 
1 






Figure 3 Ethidium bromide stained agarose gel showing the effect of different 
concentrations of agar on Vent™ DNA polymerase. Lane 2 is the control with 
no agar added. Lanes 3, 4, 5 are PCR reactions that contain 500^g/ml, 
lOO^g/ml, 50^g/ml agar respectively. Lane 1: 500ng lambda Hind III, pUC 
19 TaqVSau 3A1 marker (Strategene). 
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Figure 4 Ethidium bromide stained agarose gel showing the effect of agarose 
on the four polymerases. Lanes 1，2, 3 and 4 are controls with no agarose and 
lanes 6, 7, 8 and 9 are PCR reactions that contain 500 ^g/ml agarose. Vent™ 
DNA polymease was used in lanes 1 and 6. Vent™, (exo ) DNA polymease 
was used in lanes 2 and 7. Native Taq DNA polymerase was used in lanes 3 
and 8. AmpliTaq™ DNA polymease was used in lanes 4 and 9. Lane 5: 200ng 
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Figure 5 Ethidium bromide stained agarose gel showing the effect of a real 
plaque from an agar plate on the four polymerases. The phage D N A contains 
human heart cDNA insert. Vent™ D N A polymerase was used in lane 1. 
Vent™R (exo") D N A polymerase was used in lane 2. Native Taq D N A 
polymerase was used in lane 4. AmpliTaq™ D N A polymerase was used in 
lane 5. Lane 3: 500ng lambda Hind III, pUC 19 Taql/Sau 3A1 marker 
1 (Strategene). 
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Figure 6 Efhidium bromide stained agarose gel showing the amplification of 
real plaques from agaroses plates using Venn (exo") DNA polymerase. Lanes 
2, 3, 4 and 5 are PCR reactions that contain phage DNA with human heart 
cDNA insert. Lane 1: 500ng lambda Hind III, pUC 19 TaqVSau 3A1 marker 
(Strategene). 
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Figure 7 Ethidium bromide stained agarose gel showing the effects of 
carrageenan on the four polymerases. Lanes 1, 2 ,3 and 4 are PCR reactions 
that contain lOO^g/ml carageenan. Vent™DNA polymerase was used in lane 
1. Vent™, (exo ) DNA polymerase was used in lane 2. Native Taq DNA 
polymerase was used in lane 3. AmpliTaq™ DNA polymerase was used in lane 
4. Lane 6: 500ng lambda Hind m, pUC 19 TaqVSau 3A1 marker (Strategene). 
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Figure 8 Ethidium bromide stained agarose gel showing the effects of 
different concentrations of carrageenan on Vent™ DNA polymerase. 
Concentrations of carrageenan in lanes 1, 2, 3, 4，5 and 6 are lOO^g/ml, 
lO^g/ml, l^g/ml, 0.1|Lig/ml, O.Ol^g/ml, O.OOl^g/ml respectively. Lane 7: 
500ng lambda Hind III, pUC 19 TaqVSau 3 Al marker (Strategene). 
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3.5 Elimination of the purification of the PCR products before 
sequencing 
The insert size of the cDNA clones that we have sequenced ranged 
from 0.3 kb to 3.5 kb. The average sequence length of the DNA sequences 
I generated is more than 247 base pairs. Using the new protocol, we have 
sequenced more than 2000 clones and are able to show in Table 5 that 
abolition of the filtration step has not resulted in any significant loss in 
accuracy and success rate in sequencing. 
I r 
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Table 5 Comparison of sequencing results between sequencing of PCR 
products purified by Millipore filters and sequencing of unpurified PCR 
products using the protocol suggested in the text. The average sequence 
lengths and the success rates were calculated by random sampling of 1000 
successfully sequenced clones from sequencing results of purified PCR 
products and unpurified PCR products. To assess the accuracy of sequencing, 
30 clones that have matched with human mitochondrial genome were chosen 
from each group and then the sequence of each clone was aligned with the 
published sequence of human mitochondrial genome. 
Purified PCR product Unpurified PCR products 
Average sequence length (bp) 246.7 241.5 
Success rate (%) Z M — 
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3.6 Sequence analysis of hCRHP 
Among the various nonhuman match clones that we sequenced, a 
cDNA clone matching with the rat CRIP was identified. It was named human 
cysteine-rich heart protein (hCRHP) (Figure 10). Excluding the vector 
sequence and the poly A region, the insert was 416 base pairs in length. The 
initiation codon was found at position 65. The stop codon was found at 296. 
i T h e consensus initiation sequence CCRCCAUG (R represents purine) (Kozak 
et al, 1986; Kozak et al, 1987) was present in the start of the open reading 
frame (ORF). By aligning the DNA sequences of the ORF of CRIP and 
hCRHP, they were found to have 88.7% similarity (Figure 11). We believe 
that CRIP and hCRHP were structurally and functionally related because they 
•J share a high degree of similarity in their ORF. Unlike the ORF, when the 5' 
ij I untranslated regions (5TJTR) of the two genes were aligned, only 52% (32 out 
ij 
of 61 bp) homology was obtained. 
After translating the ORF of the insert, a protein sequence of 77 amino 
acids was obtained. When the amino acid sequences of CRIP and hCRHP 
were aligned, 97.4% identity between these two proteins was found (Figure 
12)，with only two amino acid differences. At position 8, asparagine (Asn) in 
hCRHP was replaced by aspartic acid (Asp). At position 58, valine (Val) in 
hCRHP was replaced by serine (Ser). Thus, the two proteins have an even 
i 104 
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higher homology than that of the DNA. Its calculated molecular weight was 
about 8560 daltons. It possesses 7 cysteines and 1 histidine that constitute a 
LIM motif. The first finger is at position 4-28 and the second one is at 
position 31-56. hCRHP has an excess of basic residues (10 lysyl, 5 histidyl 
and 3 arginyl) over acidic ones (1 aspartyl and 6 glutamyl) and the estimated 
pi as determined by DNASIS (Hitachi) was 8.83. 
The amino acid sequences of the two fingers are 75.5% identical (40 
out of 53) and 83.0% similar (44 out of 53) to the Rat ESFl gene (Nalik et al” 
1 1989). Another striking similarity between these two proteins is that 
•B 
- administration of dexamethasone to neonatal rat caused the rise of CRIP 
i 
I mRNA content (Levenson et al, 1993b) while estradiol can increase the 
mRNA level of ESP 1 in brain of adult rat (Nalik et al, 1989). 
A glycine-rich domain (Bossemeyer, 1994; Taylor et al•，1993) in 
hCRP and CRIP has been reported (Liebhaber et al.，1990). The glycine-rich 
domain of the hCRHP region has some special features. There are 7 
hydrophobic residues, 5 glycine residues and 2 basic residues. The 
“ arrangement is HHHHGH+GHG+GGH (H:hydrophobic; G:glycine; +:basic 
� 
residue). The two basic residues are located within the five glycine residues 
that are in turn surround by hydrophobic residues (Tsui et al, 1994b). 
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Figure 10 The cDNA and amino acid sequences ofhCRHP. In the amino acid 
sequence, the amino acid residues underlined (CCHCCCCC) is the LIM 
motif. In the DNA sequence, the start (ATG) and stop (TAA)codons are 
underlined. 
1 A GAG TCT CGC ACT GTA GCC CGT GCC GCC CCA GCC GCT GCC GCC TGC 4 6 
1 M P K C P K C N K E 10 
47 ACC GGA CCC GGA GCC GCC ^ CCC AAG TGT CCC AAG TGC AAC AAG GAG 94 
彳 I I V Y F A E R V T S L G K D W H R 2 6 
95 GTG TAG TTC GCC GAG AGG GTG ACC TCT CTG GGC AAG GAC TGG CAT CGG 14 2 
27 P C L K C E K C G K T L T S G G 42 
j 1 4 3 CCC TGC CTG AAG TGC GAG AAA TGT GGG AAG ACG CTG ACC TCT GGG GGC 1 9 0 
- I 4 3 H A E H E G K P Y C N H P C Y V 5 8 
；丨 1 9 1 CAC GCT GAG CAC GAA GGC AAA CCC TAG TGC AAC CAC CCC TGC TAG GTA 2 3 8 t-J 
i 5 9 A M F G P K G F G R G G A E S H 74 
2 3 9 GCC ATG TTT GGG CCT AAA GGC TTT GGG CGG GGC GGA GCC GAG AGC CAC 2 8 6 
7 5 T F K * 7 8 
: 2 8 7 ACT TTC AAG 翌 ACC AGG TGG TGG AGA CCC ATC CTT GGC TGC TTG CAG 3 3 4 
3 3 5 GCC ACT GTC CAG GCA AAT TCC AGG CCT TGT CCC AGA TGC CAG GAT CCC 3 8 2 
3 8 3 TTG TTG CCT AAT GCT CTA GTA ACC TGA CAT TGG AAA AAA AAA AAA AAA 4 30 
y；. % 
'y. 
t： t ‘% 
s I 
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Figure 11 Alignment of DNA sequences of mCRIP and hCRHP. The 
alignment was performed using DNASIS. Nucleotides that were identical 
between the two sequences were marked b y w h i l e those that were different 
were left blank. 
10 20 30 40 50 60 
h C R H P G T C T C G C A C T G T A G C C C G T G C C G C C C C A G C C G C T G C C G C C T G C A C C G G A C C C G G A G C C G C 
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m C R I P T C C A G A G C C T A C A A C C T A C T T C C T T C T A G C T G C A G C C A C T T G T G C A G G A C C A G G T G C C G C 
� 10 20 30 40 50 60 
70 80 90 100 110 120 
h C R H P C A T G C C C A A G T G T C C C A A G T G C A A C A A G G A G G T G T A C T T C G C C G A G A G G G T G A C C T C T C T 
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m C R I P C A T G C C G A A G T G C C C C A A G T G C G A C A A G G A G G T G T A T T T C G C T G A G C G A G T G A C G T C A C T 
70 80 90 100 110 1 2 0 
130 140 150 160 170 1 8 0 
h C R H P G G G C A A G G A C T G G C A T C G G C C C T G C C T G A A G T G C G A G A A A T G T G G G A A G A C G C T G A C C T C ！ ：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：：:::::::: m C R I P A G G C A A G G A C T G G C A T C G T C C C T G C C T G A A G T G C G A G A A A T G T G G A A A G A C A C T G A C C T C 
130 140 150 160 170 180 
] 190 2 0 0 2 1 0 2 2 0 2 3 0 2 4 0 
- h C R H P T G G G G G C C A C G C T G A G C A C G A A G G C A A A C C C T A C T G C A A C C A C C C C T G C T A C G T A G C C A T 
I m C R I P T G G G G G T C A T G C T G A G C A T G A A G G C A A G C C C T A C T G C A A C C A T C C C T G C T A C T C C G C C A T 
190 2 0 0 2 1 0 2 2 0 2 3 0 2 4 0 
2 5 0 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0 
h C R H P G T T T G G G C C T A A A G G C T T T G G G C G G G G C G G A G C C G A G A G C C A C A C T T T C A A G T A A A C - C A 
l l l l l l l l l ：：：：：：：：：：：：：： ： ： ： I ： I I I • l l l l l l l l l l l l l l * * * • • • 
m C R I P G T T T G G G C C C A A A G G C T T T G G G C G A G G T G G A G C T G A A A G C C A C A C T T T C A A G T A G A C T G A 
I 2 5 0 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0 I 
j ‘ 3 1 0 3 2 0 3 3 0 3 4 0 3 5 0 3 6 0 
I h C R H P G G T G G T G G A G A C C C A T C C T T G G C T G C T T G C A G G C C A C T G T C C A G G C A A A T T C C A G G C C T T 
^ : : : : : : : : : : : : : : :：：： : : : : : : : : : : : : : : ::: 
: m C R I P G G T T G T G G A A A C T C - T C C C T A C C C G C — C C A G G C G A G T G - C C A G G C C T T G T C C C T A G A C A 
3 1 0 3 2 0 330 3 4 0 3 5 0 
370 380 � 3 9 0 400 4 1 0 
� h C R H P G T C C C A G A T G C C A G G A T C C C T T G T T G C C T A A T G C T C T A G T T y V C C T G A C A 
: : : : : : : : : : : : : : : : : : : : 
m C R I P G - C A G G G C T C T C C G C A G C C C T C C A T G C C T T T A A T A A A C T T G A T C T T T G G 3 6 0 3 7 0 380 3 9 0 400 
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Figure 12 Alignment of amino acid sequences ofmCRIP and hCRHP. The 
alignment was performed using DNASIS. Amino acids that were identical 
between the two sequences were marked by ’:’ while those that were similar 
were marked by ’.’. Those amino acids that were different between the two 
sequences were left blank. 
10 20 30 40 . 50 60 
hCRHP MPKCPKCNKEVYFAERVTSLGKDWHRPCLKCEKCGKTLTSGGHAEHEGKPYCNHPCYVAM I 
-f = 二：二 ；二二 .；； 二 ：；； 二二 二二！ I 二. 
’ mCRIP MPKCPKCDKEVYFAERVTSLGKDWHRPCLKCEKCGfCTLTSGGHAEHEGKPYCNHPCYSAM 
10 20 30 40 50 60 
. 
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3.7 Northern hybridization of hCRHP 
The length of hCRHP mRNA in human fetal heart was revealed by 
performing Northern hybridization (Figure 9). It was found that hCRHP was 
expressed in quite a high level in human fetal heart. It is surprising that for 
CRIP, the mRNA level in the small intestine of adult rat was six times more 
than that of one day old neonatal rat (Birkenmeier et al.，1986). 
I By comparing the size of the band with 18S and 28S ribosomal RNA, 
• the mRNA has a size of about 670 nucleotides. It is of a similar size to that of 
.老 
I the hCRHP PCR product. Since the DNA sequence similarity between 
屋； 
hCRHP and CRIP is very high, the hCRHP probe can be used to hybridize 
with total RNA of different rat tissues. In our laboratory, Nathan Yam has 
performed the Northern hybridization for the rat tissues. It was shown that the 
small intestine had the highest signal. A lower signal could be seen in adult 
heart and spleen. Virtually no signal could be detected in skeletal muscle, 
kidney and liver. The results obtained by him agreed with that previously 
published (Levenson et al.’ 1993b). When rat neonatal (four days old) and 
adult heart was cross-hybridized with the hCRHP probe, it was shown that rat 




signal was observed for rat adult heart. His results suggested that the 
expression ofhCRHP changes during development (Tsui et al, 1994b). 
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Figure 9 Northern hybridization ofhCRHP probe to human fetal heart total 
RNA. 
• ‘ 
• - 670 bp 
i i •‘ 
i 
� 
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3.8 Expression of hCRHP in E. coli 
hCRHP was successfiilly amplified using a tailor-made cloning primer 
and an oUgo-dT primer (Tsui et al” 1994b). Thus, the oligo-dT primer can be 
used as a common 3，cloning primer to amplify the interesting cDNA clones 
found in our human heart cDNA sequencing project. This strategy is 
especially suitable for large cDNA sequencing and expression project. My 
coworkers, Agnes Lo and Wai-yip Lam, have used this strategy to clone and 
express the human malate dehydrogenase and a novel human small heat shock 
protein respectively. The former cDNA was amplified from the adult and fetal 
‘ 
heart cDNA libraries while the latter cDNA was amplified from two 
1 
overlapping clones in the adult heart cDNA library. Their successes proved 
that this strategy is very useful and efficient. 
-
Since the oligo-dT primer can prime along the poly A region of the 3’ 
end of the template, a set of PCR product of a range of sizes were made. 
However, this will not introduce any problem for later experiments because, 
after being subcloned into pAED4, one hCRHP cDNA can be isolated easily. 
The success of the directional cloning was proved by restriction cutting 
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of the putative recombinant plasmid (Figure 13), PCR using primers 
complementary to the internal sequence ofhCRHP (Figure 14) and manual 
sequencing. 
hCRHP cloned into pAED4 (pAED4-hCRHP) was initially 
transformed into BL21(DE3). However, no transformed colony having 
pAED4-hCRHP was obtained (data not shown). It was suggested that hCRHP 
produced inside the bacteria chelated metal ions such as zinc and copper and 
prevented the normal growth of bacteria. To circumvent this problem of 
possible toxicity of hCRHP to bacteria, BL21(DE3)pLysE and 
ii；' 
BL21(DE3)pLysS were used which guaranteed minimal production of hCRHP 
under uninduced condition (Studier et al.，1990). The compatible plasmid 
pLysS can provide a small amount of T7 lysozyme. The T7 lysozyme is a 
natural inhibitor of T7 RNA polymerase and hence it can stabilize target 
plasmids by decreasing the basal activity of T7 RNA polymerase, but it does 
not prevent induction of high levels of target protein. The plasmid pLysE can 
provide a higher level of lysozyme than pLysS and it can reduce the induced 
expression to a point where toxic target gene products can be produced 
continuously without killing the cell. However, out of 16 randomly picked 
successful transformants, only one produced a minute amount of cloned 
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protein upon induction. 
t 
Consistent with the results ofKosa et al., when 0.2mM ZnS04 was 
supplemented during induction, 8 out of 8 randomly picked successful 
transforaiants produced a large amount of the cloned protein upon induction. 
It could be inferred from our findings that zinc was required for the successful 
production ofhCRHP upon induction. Without zinc, the metal ions-chelating 
effect ofhCRHP produced inside the host would inhibit the growth of normal 
transforaiants. In that condition, only the mutated strains that would not 
produce hCRHP could grow normally. This accounted for the low, if any, 
production ofhCRHP in the absence of 0.2mM ZnS04 upon IPTG induction. 
After resolving the crude bacterial extract in 15% SDS-PAGE, the 
proteins were transferred to nylon membrane and stained with Coomassie blue 
(Figure 15). From the figure, it was observed that the intense band at the front 
of the gel at lane 3 that was absent when not induced by IPTG should be the 
cloned hCRHP. Since it was a low molecular weight protein (about 8.5kDa), 
it was located at the front of the gel. Its identity has also been verified by 
sequencing 15 amino acid residues from the N-terminal of the protein. The pi 
ofhCRHP estimated by PROSIS (Hitachi) was 8.83. 
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Figure 13 Double digestion of cloned pAED4-hCRHP. Lane 1 is the size 
marker. Lane 2 is the EcoRl cut linearized pAED4-hCRHP. Lane 3 is the 
EcoRl and Ndel double cut of pAED4-hCRHP. 







Figure 14 PCR amplification of the cloned pAED4-hCRHP using internal 
primers. Each PCR gave a single band, which has the expected size as 
deduced from the positions of the primers. 
M1 1 2 3 4 M2 
- 5 0 0 bp 








Figure 15 SDS-PAGE ofhCRHP with 15% polyacrylamide gel. Lane 1: size 
markers. Lane 2: uninduced recombinant bacterial crude extract. Lane 3: 
induced recombinant bacterial crude extract. 
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4.1 Random sequencing of adult human heart cDNA 
clones 
Nearly half (46.6%) of the 5164 cDNA clones that we have partially 
sequenced from one or both ends have been identified by database searches. 
Some human matches are nonexact and such clones may code for members, 
or even cardiac isoforms, of the same gene families. Figure 16 shows the 
results of comparison of one of the nonexact match that is homologous to the 
human zinc finger protein 4. Comparison of the translated protein sequence 
of that clone with the protein databases has also been done (Figure 17). The 
similarity between the two DNA sequences is 83% while similarity for the 
two protein sequences is 80%. At least two C A zinc finger motifs can be 
identified easily in the protein sequence alignment. By fishing out and 
sequencing the Ml length cDNA of this gene, a new protein that is similar to 
% the human zinc finger protein 4 can be predicted. Since many known zinc 
finger proteins are related to transcription of genes, such new zinc finger 
protein should broaden our understanding of the development or gene 
regulation in the human heart. 
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Figure 16 DNA sequence alignment of an EST sequence with the human 
HZF4 zinc finger protein. For each alignment, the top sequence is the EST 
sequence and the bottom sequence is the zinc finger protein being compared. 
>emb|X789271HSHZF4 H.sapiens HZF4 mRNA for zinc finger protein 
Length = 2079 
Score = 812 (224.4 bits). Expect 二 3.2e-60，P = 3.2e-60 
Identities = 192/229 (83%), Positives = 192/229 (83%), Strand = Minus 
est 230 GAGTGTAAAAAATTCTTCAGTGATGTCTCCATCCTTGATCTTCATCAACAATTACACTCA 171 
I I I I I Mill 11 I 11 m m I _ 
HZF4 440 GAGTACAAAAAATCCTTCACTGATGTCTTCAACTTTGATCTTCATCAACAGTTACACTCA 499 
EST 170 GGAAAGATATCCCATACATGTAATGAGTACAGGCAGAGATTCTGTTATAGCTCAGCTCTT 111 
III ��� II MIMIIII IIIIM I I Ij i m i m I m m III _ 
HZF4 500 GGAGAGAAGTCTCATACATGTGATGAGTGTGGAAAAAGCTTCTGTTACATCTCAGCCCTT 559 
EST 110 TGTCTTCATCAGAAAGTTCACATGGGAGAGAAACGCTATAAGTGTGATGTGTGTAGTAAG 51 I I I M m I III I I I I I I i I I I I I I i I i I I I I I I i i I 
HZF4 560 CATATTCATCAAAGAGTCCACATGGGAGAGAAATGCTATAAGTGTGACGTGTGTGGTAAG 619 
EST 50 GCATTTAGTCAGAACTCACAACTGCAAACTCATCAGAGAATCCACACTG 2 





Figure 17 Protein sequence alignment of the EST sequence with the human 
HZF4 zinc finger protein. For each alignment, the top sequence is the EST 
sequence and the bottom sequence is the zinc finger protein being compared. 
Amino acids listed between the lines are identical in the two sequence; "+" 
signs indicate conservative amino acid substitutions; blanks indicate non-
conservative substitutions. For protein sequence alignment, numbering is in 
amino acid residues of the translated sequence for zinc finger proteins and in 
nucleotides for the EST. 
>gp|X789271HSHZF4_l zinc finger protein [Homo sapiens] 
Length = 693 
Score = 287 (139.2 bits). Expect = 8.7e-36, P = 8.7e-36 
Identities = 53/76 (69%), Positives = 61/76 (80%), Frame = -3 
EST 230 ECKKFFSDVSILDLHQQLHSGKISHTCNEYRQRFCYSSALCLHQKVHMGEKRYKCDVCSK 51 
I E KK F+DV DLHQQLHSG+ S H T C + E + FCY SAL +HQ+VHMGEK YKCDVC K 
HZF4 147 EYKKSFTDVFNFDLHQQLHSGEKSHTCDECGKSFCYISALHIHQRVHMGEKCYKCDVCGK 206 
EST 50 AFSQNSQLQTHQRIHT 3 
FSQ+S LQTHQR+HT 





Our study revealed many deviations of DNA sequences from published 
. human DNA sequences. To determine whether the variants we found are 
•J I I ‘ 
genuine variants or cloning artifacts, further work is needed using designed 
I primers that flank the gene of interest; the amplified genomic DNA can then 
be sequenced using one of the amplification primers as the sequencing 
primer. 
We found that 426 adult human heart cDNA clones have been matched 
I 
j with the Alu DNA sequence families. Such a high frequency of Alu repetitive 
I sequences is due to the fact that Alu family members are transcribed as i i； • 
discrete short RNA molecules, presumably by RNA polymerase III (Batzer et 
al., 1990; Schmid et al, 1982). The subfamily membership of Alu sequences 
(Makalowski et al., 1994) can be identified through the PYTHIA version 2.0 
E-mail server through the address pythia@anl.gov (Jurka et al； 1991). The 
RNA transcripts from different Alu family members vary in length because 
transcription termination occurs at different positions external to the Alu 
sequence. Thus, the entire human Alu family would produce a heterogeneous 
set of RNA's, which would be cloned into the cDNA library when random 
primers were used to prepare the first strand cDNAs. The number of clones 
matched to Alu sequence is significantly reduced if the library is prepared 
from 3'-directed strategy. However, it has been reported that 17 Alu fragments 
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within the open reading frames of 15 different cDNAs were found 
(Makalowski et al.’ 1994). This fact complicated the classification of clones 
as Alu repeats because careful investigation is necessary to judge whether 
such clones belong to the 15 cDNAs mentioned above. 
Finally, I must point out that clones matched with Alu sequence can 
also arise from intergenic regions ofunspliced mRNAs (Adams et al, 1992b), 
the 3, or 5' untranslated regions of mRNAs and genomic DNA contamination 
of the RNA used to prepare the cDNA library. 
We also found that 143 adult human heart cDNA clones have been 
matched with repetitive sequences. Repetitive sequences are suitable for 
generating sequence tag sites (STSs)，which, in turn can be used for 
chromosomal mapping (Collins et al, 1993; Olson et al., 1989; Olson et al., 
1993). The most abundant of repetitive sequences in the human genome are 
the dinucleotide repeats, in particular (AC/GT)n (where n二 10-60) of which 
approximately 50,000-100,000 copies are apparently randomly dispersed 
throughout the hiunan genome. Studies have shown that where n> 14, virtually 
all (AC/GT)n repeats are highly polymorphic (Grist et al., 1993; Litt et al., 
1989). Such repeats may serve as a general source for polymorphic DNA 





dinucleotide repeats, trimeric and tetrameric short tandem repeats can also be 
used to generate such markers (Edwards et al” 1991). 
Another type of sequences suitable for rapid chromosomal assignment 
and conversion to STSs is the 3' untranslated sequences that show significant 
sequence variation between human and rodent homologs and are virtually free 
ofintrons (Wilcox et al, 1991). Such clones can be identified easily because 
they generate strange sequencing ladders resulting from slippage of the poly 
A/T sequence during cycle sequencing. The frequency of appearance of such 
poly A/T containing clones is about 10%. They can be sequenced by the 
protocol described by Thomas et al. (Thomas et al., 1991). 
Since expansion of CAG and CCG repeats has been shown to be 
responsible for many genetic diseases (Han et al, 1994) such as the Fragile-X 
syndrome (Kremer et a/” 1991), studies on such repeats in the adult human 
heart cDNA library may also assist the discovery of new genetic diseases. 
Venter and his coworkers have used the polymerase chain reaction and 
human-rodent somatic cell hybrid panels to determine the chromosomal 
location of the brain cDNA-derived ESTs (Dioime et al, 1993; Durkin et al” 
1992; Polymeropoulos et al•’ 1992). The adult human heart cDNA-derived 
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E S T S can also be mapped using the same protocol. With subsequent 
chromosomal sublocalization using fluorescent in-situ hybridization (Heng et 
al., 1993) or radiation hybrid mapping (Cox et al., 1990), these ESTs can 
serve as anchor points on the human genome map to facilitate the ordering of 
large genomic clones and as initiation points for continuous sequencing of 
large genomic fragments. If the PCR products of the inserts of such ESTs are 
large enough (greater than 1 kb), they can be labelled directly for 
chromosomal localization using the DAPI banding combined with the 
fluorescent in situ hybridization (Heng et al., 1993). If the insert sizes are too 
small, probes can be made from the recombinant phage DNA. This could 
increase the size of the probes and in turn the intensity of the bands. 
Furthermore, those repeats that are adjacent to the human cDNA could 
generate very useful gene-associated markers because such markers can be 
used for genetic linkage studies aimed at elucidating the candidate genes of 
亡 inherited disorders (Polymeropoulos et al., 1992). 
More than 10% (550 out of 5164 clones) of the adult human heart 
cDNA clones that we have partially sequenced have been matched with the 
human mitochondrial genome. The mitochondrion has its own genome, 
mtDNA, a DNA molecule of around 16 kilobases that encodes a large and a 
small ribosomal RNA (for the mitochondrial ribosome), 22 tRNAs (for 
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mitochondrial protein synthesis), and 13 proteins involved in the respiratory 
electron chain pathway including three subunits of cytochrome c oxidase 
(complex IV), two subunits ofATPase (complex V), seven subunits ofNADH 
dehydrogenase (complex I), and cytochrome b (complex III) (Anderson et al, 
1981； Marin-Garcia et al” 1994). The mitochondrial DNA and mitochondria 
are maternally inherited. Since all the RNA species other than tRNAs are 
polyadenylated (Ojala et al., 1981), cDNA of these RNA species should 
appear in the adult human heart cDNA library used in this project. Even if the 
library is prepared by oligo-dT primers only, such cDNAs will still exist. 
Clones that have matched with the human mitochondrial genome can be used 
for the assessment of the accuracy of sequencing. In addition, such clones can 
be employed for studying aging and mitochondrial cardiomyopathy. Large-
scale deletions of human mitochondrial DNA have been observed in two 
related mitochondrial disorders associated with progressive external 
ophthalmoplegia and ragged-red fibres in muscle: ocular myopathy and the 
Keams-Sayre syndrome (Simonetti et al, 1992). The deleted mtDNAs found 
in brain tissue of patients with Parkinson's disease were also present in normal 
aged subjects (aged 64-73) but not in younger subjects (aged 38-57). Deleted 
mtDNAs were also observed in three studies of heart tissue from patients with 
cardiac disease such as hypertrophic or dilated cardiomyopathy (Marin-Garcia 
et al” 1994; Simonetti et al” 1992). It is interesting that heart and brain, which 
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are tissues of slow growth and high metabolic activity, are predominant targets 
of diseases associated with the specific changes in mtDNA (Marin-Garcia et 
al., 1994). Therefore the clones that have matched with the mtDNA from 
different EST sequencing projects can be used to search for other common 
deletions and or point mutations, which may be related to aging and 
cardiomyopathy by exhaustive searching. 
Those cDNA clones that do not match to any known gene may contain 
inserts encoding novel, previously unidentified genes. This is an invaluable 
resource for studying gene expression in the human heart and discovering new 
genes that are new cardiac isoforms. A similar project on the human brain 
cDNA library has been started and their results have been compared with our 
results (Table 6). The results are very similar and the difference observed may 
be due to the difference in expression between heart and brain as well as the 
slight difference in the methods ofcDNA library construction. Interestingly, 
genomic sequencing of the yeast chromosome has encountered similar 
situations that more than half of the genes are novel. Of the 145 newly 
discovered open reading frames predicted from the yeast chromosome III, 117 
(80%) putative protein coding genes show no significant homology to any 
previously sequenced genes (Bork et al” 1992; Koonin et al” 1994; Oliver et 
al.，1992). Similarly, of the 269 newly discovered open reading frames 
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predicted from the yeast chromosome Vm, 145 (54%) putative protein coding 
genes show no significant homology to any previously sequenced genes 
(Johnston et al” 1994). One report has suggested that the majority of proteins 
come from no more than one thousand families (Chothia, 1992). From the 
results of the EST sequencing of human cDNA libraries and the genomic 
sequencing of the yeast chromosomes, I believe that nearly or more than half 
of the one thousand families have not been discovered. 
The uncovering of functions of such novel clones will rely on 
improvements in similarity matrices for sequence comparison, and on more 
detailed analysis of apparently weak similarities, and to some extent on richer 
information in DNA and protein sequence databases (Koonin et al.’ 1994; 
Venter, 1993). For example the BLASTX program may be used to detect 
distant similarity. Moreover, those novel sequences can be searched against 
protein domain databases such as PROSITE (Bairoch, 1993b; Bairoch et al, 
1994b), SBASE (Pongor et al, 1994), and PRINTS (Attwood et al, 1994) 
using programs such as BLOCKS (Henikoff，1993)，CLASSIFY (Wang et al, 
1994)，and ProSearch (Kolakowski et al” 1992). 
Venter and his coworkers have reported the disadvantages of using the 
BLAST program in the EST sequencing project (Adams et al, 1994). EST 
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sequences have an error rate of about 2%, including mismatches, insertions 
and deletions. BLAST alignment of a sequence containing insertion or 
deletion may lead to an artificially low match score and percentage identity 
because gaps are not allowed in the BLAST algorithm (Altschul et al., 1990; 
Coulson, 1994). BLAST also has the feature of converting ambiguities in the 
minus strand of a query sequence to random characters, further decreasing the 
reliability of the results. Finally, approximate methods such as BLAST 
sacrifice sensitivity to attain their speed by using word matching in a first pass 
to reduce the search space instead of an optimal alignment algorithm. To 
address these problems, Venter's group has incorporated the use of BLAZE, 
which uses the full dynamic programming algorithm of Smith and Waterman, 
into their routine EST analysis (Adams et al, 1994). This program may also 
be employed to analyse the novel clones of the adult human heart cDNA 
library in the future. 
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Table 6 Comparison of sequencing totals between human heart and human 
brain cDNA libraries (Adams et al.，1993a) 
Human heart Human hippocampus 
(%) (%) 
Novel 53.3 55.7 
Human match 20.2 15.9 
Non-human match 4.3 4.1 
Alu,repetitive 11.0 11.6 
’ Mitochondrial 10.7 10.3 
Ribosomal RNA 0.5 2.4 
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4.2 Catalogues of genes expressed in the adult human heart 
The analysis of the frequency of cDNA clones that matched to known 
genes can act as an alternative of Northern blotting (Davies, 1993). If we 
know which genes are expressed in the adult human heart, we can estimate the 
level of expression. For example, our results of the composition of actin 
isoforms in the cDNA library agree well with the reported quantitative 
analysis of the actin isoforms composition using Western blotting (Otey et al., 
1987) and antibodies (Table 7). From the same report, alpha actin cannot be 
detected in brain tissue and this result is consistent with that from the random 
‘ cDNA sequencing of the human brain cDNA library (Adams et al., 1993a). 
On the other hand, it has been reported that the ratio of type I collagen 
to type III collagen in the heart ofWKY (normotensive Wistar-Kyoto) rat is 
6.41 士 0.30 (Mukherjee et al., 1993). This value is close to that, which is 5.0, 
calculated from the frequencies of appearance of clones in the adult human 
heart cDNA library that matched to type I and type III collagen. 
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Table 7 Comparison of the composition of actin isofomis in the cDNA library 
with the reported quantitative analysis of the actin isoforms composition using 
Western blotting and antibodies (Otey et al., 1987). 
I cDNA library (%) Immunoblot (%) 
alpha-actin 83.0 (39) 81.1 ±2.0 
beta-actin 10.8 (4) 17.4 ±2.6 






Moreover, the type I collagen molecule is composed of three chains, 
two identical, termed alpha-1 chains, and one different from the other two, 
called alpha-2 (Nimni et al.，1992). The expected ratio of collagen type I 
alpha-1 to alpha-2 is 2:1，which is very close to that calculated from the 
frequencies of appearance of clones (Table 4) in the adult human heart cDNA 
library that matched to these two proteins (21:9). From the above 
observations, I believe that the cDNA library we used is a nonbiased 
representation of the mRNA expressed in heart. 
This method has its advantage especially when we wish to determine 
the ratio of several isoforms that have similar DNA sequences, protein 
sequences and molecular weights because the DNA sequence analysis can 
eliminate the problems of crossreactivity in immunoblot and 
crosshybridization in Northern blot. For example, there are six actin isoforms, 
differing in fewer than 7% of their amino acids (Ganote et al., 1993). The 
cardiac-alpha actin has over 80% similarity in DNA sequence to alpha-actin 
in most regions of the gene and 98.4 % similarity to alpha-actin in peptide 
sequence. Therefore, they are good candidates for this method. Our result is 
that the ratio of cardiac-alpha actin to alpha-actin is 5.5 to 1 (Table 4). 
The result of collagen type IV is surprising. Our result shows that there 
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are two cDNA clones coding for alpha 1 (IV) but five coding for alpha 2 (IV). 
This result is unexpected because at the protein level there are two alpha 1 
(IV) chains to one alpha 2 (IV) chain. We do not know whether such 
anomalous result is a reflection of any post-transcriptional regulation of the 
collagen IV gene. 
As the project proceeds and the number of clones accumulate, such 
'computerized Northern blotting' will be more accurate and the result can be 
used to verify published results, tackle unsolved isoform problems and evolve 
new problems in gene expression in heart. 
An expression profile (Table 3) can also be formed from such 
categorization of genes according to their function. Individually, such a profile 
may not be informative. However, it can act as a reference for a normal 
human heart tissue. When the profile is compared with that of human brain 
(Adams et al., 1993a), some interesting results can be obtained (Table 8). The 
percentage of matches that belong to transcription and translation can be used 
as a reference group because we can assume that the protein synthesis 
machinery is comparable in heart and brain. In heart, 19.9% matches belong 
to this group while in brain the value is 18.6%. Our data are consistent with 
the fact that the heart, like the brain, is a terminally differentiated tissue and 
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is different from actively dividing cells such as the liver cancer cell line 
HepG2 (Matsubara et al., 1993)，in which the percentage of the matches that 
belongs to transcription and translation is nearly double (31 • 8%) of that of the 
normal state. 
Nearly half (40.5%) of the categorized matches in human heart belongs 
to contractile elements, cytoskeleton related proteins and extracellular matrix 
proteins while only about one quarter of clones in human brain matches to 
genes belonging to these three groups (Table 8). This is to be expected from 
the functions of the heart. 
Since the heart has a high demand for energy for continuous motion, 
the number of clones that belong to the energy metabolism group found there 
is significantly higher than that of brain. The brain, being the chief component 
of the central nervous system, coordinates the action of the whole body. It 
receives signals from other organs through the membrane associated receptors 
and after processing and transducing their signals, makes appropriate 
responses. From the expression profile, we found that membrane associated 
proteins (7.4% in heart vs 15.4% in brain) and proteins related to signal 
transduction and cell regulation (7.7% in heart vs 19.6% in brain) are 
significantly higher in brain than in heart. 
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Table 8 Comparison of expression profiles between the adult human heart 
cDNA library and the human brain cDNA library (Adams et al., 1993a) 
Category Human heart Human brain 
Contractile element ^ � . � （ ^ 
Cytoskeleton related 11.0 (126) 26.5 (232) 
Extracellular matrix 9.3 (107) 0.0 ( 0) 
Energy metabolism 13.3 (153) 6.9 ( 60) 
Hormones and hormonal control 3.7 (42) 0.1 ( 6) 
Signal transduction/cell regulation 1.1 (88) 19.6 (172) 
Transcription and translation 19.9 (229) 18.6 (163) 
Membrane associated 7.4 (85) 15.4 (135) 
Heat shock protein 2.3 ( 26) 1.6 ( 14) 
Other metabolism 5.2 ( 60) 10.7 (101) 
？ ‘ 一 1 0 0 . 0 ( 1 1 4 8 ) 1 0 0 . 0 ( 8 7 6 ) 
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Moreover, the heart, which is always in a stress state, is expected to 
have a higher level of heat shock protein. We found that the clones that match 
with heat shock protein are slightly higher in heart when compared to those 
in brain (Table 8). 
Besides the comparison of the human heart cDNA library with the 
human brain cDNA library, the comparisons of the compositions and 
expression profiles between normal heart cDNA libraries and diseased heart 
cDNA libraries can also give invaluable information on the change in gene 
expression in the disease state. This may give rise to new strategies for 
$ 
studying human heart disease macroscopically and may lead to breakthroughs 




4.3 Gene expression in the adult human heart 
ST； 
�.’A. 
Although the frequency of appearance of genes in the library cannot 
directly correspond to the actual percentage of mRNA in the heart tissue, it 
nevertheless reflects the relative abundance of those genes，thus enabling the 
estimation of the expression level of those genes. Heart specific genes can be 
revealed by comparing the frequency of appearance of genes in the adult 
human heart library with that of other libraries. Table 9 shows the result of 
I such a comparison. Genes that appeared three times or more in the adult 
human heart cDNA library are compared. 
The protein for the transcriptional and translational machinery can act 
as a control. They include the three elongation factors, hnRNP core protein 
Al and initiation factor 4B. Nearly all contractile elements and extracellular 
matrix proteins can only be found in heart. 
？i 
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Table 9 Comparison of the frequency of appearance of genes between the 
human heart cDNA library and the human brain cDNA library. The genes are 
listed in decreasing order of frequency of appearance as observed in the 
Human adult heart cDNA library. 
Human heart Human brain 
1) Contractile elements 
Myosin heavy chain, beta 77 (1.49) 0 (0.00) 
Actin, alpha-cardiac 33 (0.64) 0 (0.00) 
Tropomyosin, alpha-skeletal 18 (0.35) 0 (0.00) 
Troponin T，cardiac 13 (0.25) “ 0 (0.00) 
Myosin light chain 2, atrial 10 (0.19) 0 (0.00) 
Myosin light chain 2, ventricular 10 (0.19) 0 (0.00) 
Actin, alpha 6(0.12) 0(0.00) 
Myosin light chain (20 kDa) 4 (0.08) 0 (0.00) 
Tropomyosin, fibroblast 4 (0.08) 0 (0.00) 
Myosin heavy chain, alpha-cardiac 4 (0.08) 0 (0.00) 
Troponin I, cardiac 3 (0.06) 0(0.00) 
Troponin I, slow-twitch skeletal 3 (0.06) 0 (0.00) 
Myosin alkali light chain，atrial 3 (0.06) 0 (0.00) 
Myosin alkali light chain，embryonic 3 (0.06) 0 (0.00) 
Myosin alkali light chain, nonuscle 3 (0.06) 0 (0.00) 
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2) Cytoskeleton related 
Tubulin, beta 14(0.27) 29(0.85) 
Tubulin, alpha 11 (0.21) 23 (0.68) 
Skeletal alpha-2 actinin 8 (0.17) 0 (0.00) 
Skeletal muscle 190 kDa protein 7 (0.14) 0 (0.00) 
Actin-binding protein 6 (0.12) 4 (0.12) 
Desmin 5(0.10) 0(0.00) 
Colligin 4 (0.08) 0 (0.00) 
Vimentin 4 (0.08) 0 (0.00) 
Skelemin 4 (0.08) 1 (0.03) 
Assembly protein 50 4(0.08) 0(0.00) 
Actin, beta 4(0.08) 29(0.85) 
Actin, alpha 3 (0.06) 24 (0.70) 
Cytoplasmic dynein heavy chain 3 (0.06) 3 (0.09) 
139 
11 Discussion 
3) Extracellular matrix 
Collagen type I alpha-1 21 (0.41) 0 (0.00) 
Laminin receptor 10 (0.19) 0 (0.00) 
Collagen type I alpha-2 9 (0.17) 0 (0.00) 
Elastin 7(0.14) 0(0.00) 
Collagen type III alpha-1 6 (0.12) 0 (0.00) 
Collagen type IV alpha-2 5 (0.10) 0 (0.00) 
Fibronectin 4 (0.08) 1 (0.03) 
Extracellular matrix protein BM-40 3 (0.06) 0 (0.00) 
Laminin B2 chain 3 (0.06) 0 (0.00) 
Integrin H36-alpha-7 3 (0.06) 0 (0.00) 
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4) Energy metabolism 
Glyceraldehyde 3-phosphate dehydrogenase 17(0.33) 7(0.21) 
M2-type pyruvate kinase 10 (0.19) 1 (0.03) 
Triose-phosphate isomerase 1 (0.14) 3 (0.09) 
Creatine kinase M 7(0.14) 0 (0.00) 
Fibroblast aldolase A 7 (0.14) 6 (0.17) 
Aldolase A 6(0.12) 6(0.17) 
Alpha-enolase 5(0.10) 6(0.17) 
Transglutaminase 5(0.10) 1(0.03) 
Heart aconitase 3 (0.06) 0 (0.00) 
Malate dehydrogenase 3 (0.06) 0 (0.00) 
ADP/ATP translocase 3 (0.06) 1 (0.09) 
NADH-cytochrome b5 reductase 3 (0.06) 0 (0.00) 
Lactate dehydrogenase A 3 (0.06) 1 (0.03) 
Cytochrome bc-1 core protein II 3 (0.06) 0 (0.00) 
Aldolase C 3 (0.06) 3 (0.09) 
Calcium ATPase 3 (0.06) 6 (0.17) 
Brain glycogen phosphorylase 3 (0.06) 1 (0.03) 
Neuroleukin (glucose phosphate isomerase) 3 (0.06) 0 (0.00) 
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5) Hormones and hormonal regulation 
Cardiodilation atrial natriuretic factor 18 (0.35) 0 (0.00) 
Insulin like growth factor II 4 (0.18) 0 (0.00) 
Thyroxine hormone binding protein 3 (0.06) 0 (0.00) 
( 
6) Signal transduction and cell regulation 
Serine/threonine protein kinase 5 (0.10) 1 (0.03) 
Cyclin 3 (0.06) 0 (0.00) 
Protein kinase C substrate 3 (0.06) 0 (0.00) 
Coupling protein G(s) alpha 3 (0.06) 11 (0.32) 
Adenylyl cyclase 3 (0.06) 0(0.00) 
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7) Transcription and translation 
Elongation factor 1-alpha 22 (0.43) 12 (0.35) 
Ribosomal protein L3 9(0.12) 2(0.06) 
Ribosomal protein S4 7 (0.14) 0 (0.00) 
Ribosomal protein L4 6(0.10) 0(0.00) 
hnRNP core protein Al 6 (0.07) 3 (0.09) 
H19RNA 6(0.12) 0(0.00) 
Translationally controlled tumor protein 5 (0.12) 0 (0.00) 
Acidic ribosomal phosphoprotein PO 5 (0.07) 1 (0.03) 
Elongation factor 1 gamma 5 (0.07) 4 (0.12) 
Elongation factor 2 5(0.10) 6 (0.17) 
Initiation factor 4B 5 (0.07) 3 (0.09) 
Liver nuclear protein p47 4 (0.10) 0 (0.00) 
Ribosomal protein LI8 4 (0.07) 0 (0.00) 
Ribosomal protein S3 4 (0.07) 1 (0.03) 
Ribosomal protein L8 4 (0.06) 2 (0.00) 
Ro ribonucleoprotein autoantigen 4 (0.07) 0 (0.00) 
Alpha palindromic binding protein 3 (0.07) 0 (0.00) 
Binding protein 3 (0.07) 0 (0.00) 
DNA binding protein (gb L19597) 3 (0.06) 0 (0.00) 
DNA binding protein B 4 (0.08) 0 (0.00) 
DNA binding protein insulinoma rig-analog 3 (0.06) 0 (0.00) 
Ribosomal protein L7 3 (0.06) 0 (0.00) 
Ribosomal protein LI 1 3 (0.06) 0(0.00) 
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8) Membrane associated 
HLA-B associated transcript 3 6 (0.12) 3 (0.09) 
Nephritis transmembrane protein 5 (0.10) 0 (0.00) 
Na+/K+ ATPase alpha-subunit 4 (0.08) 1 (0.21) 
Beta amyloid A4 protein 4(0.08) 3 (0.09) 
Voltage dependent anion channel 4 (0.08) 0 (0.00) 
9) Heat shock protein 
Heat shock protein protein 90 7 (0.14) 1 (0.03) 
Heat shock cognate protein 4 (0.08) 3 (0.09) 
Heat shock protein 70 4 (0.08) 3 (0.09) 
Inhibitor of actin polymerization 3 (0.06) 0 (0.00) 
10) Other metabolism 
Ubiquitin 8(0.15) 6(0.17) 
； Protease, Ca dependent 3 (0.06) 0 (0.00) 
11) Miscellaneous 
T-cell cyclophilin 7(0.14) 0(0.00) 
P311 5(0.10) 1(0.03) 
Sarcolumenin 4 (0.08) 0 (0.00) 
； Alpha-2 marcoglobulin 3 (0.06) 5 (0.15) 
i 
Granuloma associated factor 3 (0.06) 0(0.00) 
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Sex-related differences in gene expression of major proteins of the 
myocardium (Rosenkratiz-Weiss et al” 1994) cannot be neglected. For 
example the mRNA for alpha-myosin heavy chain, beta-myosin heavy chain, 
sarcomeric actin, connexin 43，and transformation growth factor beta-1 were 
significantly higher in female rat heart compared with that in male rat heart. 
It is likely that differential gene expression for functional and structural 
proteins of the rat myocardium results from the regulatory effects of sex 
hormones in the heart (Rosenkranz-Weiss et al, 1994). Note that the adult 
human heart cDNA library used in this project was prepared from male heart 
tissue. 
I 
Some of the more interesting and significant findings on the expression 
of adult human heart genes presented (Table 4 and Table 9) are discussed 





1) Contractile elements 
The primary components of the muscle sarcomere can be divided into 
thick filament proteins (myosin heavy chain, myosin alkali light chains and 
regulatory myosin light chains) and thin filaments (actin, alpha- and beta-
tropomyosin and the troponin complex: troponin T, troponin C and troponin 
I). These contractile proteins are members of complex muscle gene families, 
many of which contain separate striated muscle fiber-type isoforms, smooth 
muscle isoforms and nonmuscle isoforms (Wade et al” 1989). 
As expected, contractile elements are heavily expressed in human adult 
heart relative to human brain. Alpha cardiac actin and beta myosin heavy 
chain are major components of myofibrils in myoctes and they have the 
highest frequency of expression in the human adult heart cDNA library. 
In human myocardium, the myosin protein is a hexamer consisting of 
two alkali myosin light chains (MLCl), two regulatory myosin light chains 
(MLC2) and two myosin heavy chain protein molecules (Epp et al.’ 1993; 
Trahair et al, 1993). The isoforms of myosin heavy chain differ in their rates 
of ATP hydrolysis. Therefore, alpha- (fast) and beta- (slow) myosin heavy 




heavy chains exist as dimers within the myosin molecules: two alpha-myosin 
heavy chains form a homodimer called VI, one alpha- and one beta-myosin 
heavy chain form a heterodimer called V2，and two beta-myosin heavy chains 
form a homodimer called V3 (Yamauchi-Takihara et al., 1989). The 
complement of myosin heavy chains in human cardiac atrial tissue is mainly 
VI while the V3 isoform is the predominant form in human ventricular tissue. 
The beta myosin heavy chain is the predominant cardiac adult isoform 
as shown in Table 4. This result agrees well with the literature (Sartorelli et 
al” 1993), which reported that the ratio of alpha isoform to beta isoform is 1 
to 19.25. Two clones (C531, H722) have matched with the rabbit smooth 
muscle myosin heavy chain and cardiac alpha-actin but they are unlikely to 
be known isoforms of human myosin heavy chain due to the difference in 
DNA sequences with such known isoforms. Note that the myosin heavy chain 
multigene family has eight to ten members in vertebrates (Sartorelli et al” 
1993), but only six isoforms have been cloned in human (Bishopric et al, 
1992). Therefore, these two clones may contain inserts encoding new isoforms 
of myosin heavy chain. 
Actin is the major component of the thin filament. As shown is Table r . i 
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skeletal alpha-actin to cardiac alpha-actin is 1 to 5.5. The skeletal alpha-actin 
gene is co-expressed with cardiac alpha-actin during fetal life but down-
regulated after birth. As yet, no functional differences have been ascribed to 
the two sarcomeric alpha-actin isoforms (Bishopric et al.，1992). Since the 
human adult cDNA library used in this project was prepared from human 
adult heart with some aortic tissue, therefore one clone that matched to aortic 
smooth muscle alpha-actin is not unexpected. Some clones that correspond to 
cardiac alpha actin were matched with rat or mouse actin with a higher score 
than that of the human gene. The human cardiac alpha-actin gene contains 6 
exons and 5 introns. The cDNA sequence of the human cardiac alpha-actin is 
absent in the DNA databases but the cDNA sequences of mouse and rat 
cardiac alpha-actin can be found in the databases. When a clone spanning two 
exons was searched against the DNA database，the score with the human 
alpha-actin gene will be lowered by the interruption of an intron. Therefore, 
the score of a database search is not the absolute parameter for assigning the 
identity of a cDNA clone. 
There are at least five alkali myosin light chains and four regulatory 
light chains expressed in different combinations within striated muscles 
(Trahair et al” 1993). Eight isoforms of myosin light chain were found in the 





human adult heart. The predominant forms are atrial and ventricular myosin 
light chain 2，which constitute 64.5% of the total content of myosin light 
chain. No predominant form of myosin alkali light chain can be found. It is 
quite interesting that the nonmuscle myosin alkali light chain (three clones) 
exists in the human heart. 
Skeletal alpha-tropomyosin is the predominant isoform in the human 
adult heart while skeletal beta-, epithelial and fibroblast tropomyosin are 
minor isoforms. Recently some researchers reported that slow skeletal muscle 
troponin I could not be detected in human adult heart (Sasse et al” 1993). 
Table 4 shows that this isoform of troponin I is also expressed in human heart 
(3 clones). 
Two nonhuman matches (B190, K037) are similar to the rabbit 
calsequestrin and another two nonhuman matches (A434, J047) are similar to 
the chicken skeletal muscle C-protein. Calsequestrin, a high-capacity 
moderate-affinity calcium-binding protein, is primarily responsible for the 
calcium storage capacity of sarcoplasmic reticulum in human heart. It acts as 
a calcium buffer, and the release of calcium bound to calsequestrin through 
J a calcium-release channel triggers muscle contraction (Arai et al.，1991; Ami 
i-
£ 
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thick filament protein and it is associated with myosin. It has been speculated 
that C-protein is involved in assembly and structural maintenance of the 
myosin filament (Einheber et al, 1990; Morano et al” 1994). The four 
nonhuman matched clones represent invaluable resources for cloning the 
human homologs of these two important contractile elements. 
Five developmentally regulated troponin T isoforms have been 
described in the neonatal rabbit ventricle (Greig et al., 1993) but such 





2) Cytoskeleton and related protein 
In the group of cytoskeleton related proteins, we found that beta-actin 
and the two isoforms of tubulin are dominant in brain. Various isoforms of 
actin are present in the human adult heart but the beta- and gamma- actin have 
the highest abundance. Heart specific cytoskeletal proteins such as skelemin, 
desmin, colligm, filamin, vimentin, skeletal alpha-2 actinin and AP50 can be 
identified. 
One nonhuman match that is similar to mouse talin draws our attention. 
Talin is a 2514 amino acid, phosphorylated, elongated flexible molecule with 
an isoelectric point between pH 6.7 and 6.8. In cardiac muscle, talin has been 
colocalized with integrin at lateral costamere junctions, where talin is 
considered to be the link between integrin and vinculin (Ganote et al, 1993). 
Cloning and characterization of the human talin may increase our knowledge 
of the cell-to-cell interaction in human heart. 
；I i 
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3) Extracellular matrix 
Previous studies demonstrated that collagen types I，III and IV mRNAs 
are found in rat heart cardiomyocytes (Eghbali et al.，1989; Weber et aL, 
\ 
1994). Types I and III collagens are major constituents of a network of fibre 
that surrounds groups of individual myocytes to form myofibres, collagens 
strands that insert into the weaves and link the adjoining myofibres, and 
collagen struts that connect individual myocytes to one another and to their 
capillaries. Our results show that types I, III and IV collagen are expressed in 
high numbers; we found 30 clones of collagen type I alpha-1 and alpha-2, 6 
clones of collagen type m alpha-1 and 7 clones of type IV alpha-1 and alpha-
2. Other cDNA clones of less abundant collagens are found; one for collagen 
type V alpha-1 and one for collagen type V alpha-2, one for type VI alpha-1, 
one for type VI alpha-3, one for type XIV alpha-1, one for type XV alpha-1, 
one for type XVI alpha-1 and one for type XVm alpha collagen. The presence 
of some newly cloned collagen family members can be demonstrated by this 
project. 
: Integrins and laminin related proteins are also actively transcribed in 
I 絮 i human adult heart. Integrins participated in cell-to-matrix and cell-to-cell 
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fibronectin, vitronectin, thrombospondin and collagen. Totally, 15 alpha 
subunits and 8 beta subunits have been identified. Different cell types 
assemble and express different alpha- and beta- complex (Luscinskas et. al” 
1994). Four nonhuman matches that are similar to the subunits of rat integrins 
draw our attention. Cloning and characterization of such subunits may assist 
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4) Energy metabolism 
For the genes related to energy metabolism, enzymes involved in 
glycolysis are predominant in human heart. They include aldolase (16 clones), 
enolase (6 clones), glucose phosphate isomerase (4 clones), glyceraldehyde 
3-phosphate dehydrogenase (17 clones), lactate dehydrogenase (5 clones)， 
phosphofructokinase (3 clones), phosphoglycerate kinase (1 clone) and 
phosphoglycerate mutase (2 clones), pyruvate kinase (10 clones), triose-
phosphate isomerase (7 clones). Only two of the enzymes of the glycolytic 
pathway, glucose kinase and glycerol phosphate dehydrogenase, have not 
been found. 
Not only do cytoskeletal genes exist in different isoforms, bioenergetic 
genes also have muscle specific isoforms, such as those for pyruvate kinase 
� and phosphofructokinase. It is quite interesting that the liver isoform of 
phosphofructokinase (1 clone) also appears in the human heart cDNA library. 
秘 Enzymes involved in the tricarboxylic acid cycle are less abundant than 
•>1 
• the enzymes for glycolysis in the human adult heart. They include citrate 
synthase (2 clones), aconitase (3 clones), malate dehydrogenase (5 clones). r 







dehydrogenase and the sequence was submitted to the GenBank (Accession 
number: U20352). 
Creatine kinase M is significantly higher in heart (7 clones) than in 
i 
brain (none) because MM type isozyme of creatine kinase is predominant in 






5) Hormones and hormonal regulation 
The cardiodilation atrial natriuretic factor, which is a 28 amino acid 
peptide secreted from the atria and possesses natriuretic, vasoactive and renin-
inhibiting action (Wei et al., 1993), has the highest frequency of appearance 
(18 clones). Hormones that may influence the functions of human heart, such 
as angiotensin, enkephalin, insulin-like growth factor II, retinoic acid, steroid 
i 金 
and transformation growth factor-beta are also expressed in heart. 
j 
i •‘ 
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Some evidence suggests that acidic fibroblast growth factor (FGF-1) 
and basic FGF (FGF-2) and their receptors are key players in the development 
of the heart and are involved in cardiogenesis (Hughes et al., 1993). Four 
distinct FGF receptors have been identified in man, and their cDNAs cloned 
and sequenced: FGFR-1 (FGF receptor 1), FGFR-2, FGFR-3 and FGFR-4. 
� Each receptor interacts with a number of ligands, and each ligand can bind to 
more than one receptor (Hughes et al” 1993). Acidic FGF and basic FGF 
expression has also been reported in the heart and isolated myocytes 
I I (Cummins, 1993). One nonhuman match that is similar to the Chicken f 
I cysteine-rich FGF receptor drew our attention because this clone may contain 




. 6) Signal transduction and cell regulation 
The frequencies of appearance of those genes related to signal 
transduction and cell regulation were quite low in the heart. None of the genes 
I ‘ 
have a frequency of appearance exceeding three out of 5164 clones 
sequenced. 
Eight different GTP-binding proteins have been matched by the human 
i I adult heart cDNA clones. GTP binding proteins play an obligatory role m the 
j -； transduction of extracellular, receptor-detected signals across the cell 
I 
( 
membrane to intracellular effectors (Robishaw et al., 1989). cDNA has been 
cloned and sequenced for the alpha subunits of human G(s) protein. One 
: nonhuman match (K050) found in this project is similar to the bovine alpha 
_ subunit of G(i) protein. Cloning and characterization of the human G(s) alpha 
, should assist the studies of signal transduction in the human heart. 
� Fourteen different protein kinases and four different protein 
^ phosphatases have been matched by the human adult heart cDNA clones. 
: Protein phosphorylation-dephosphorylation is particularly important for 
Z controlling many aspects of our heart's function such as the ion flux, the 
: contractile machinery and cellular metabolism (Shabb et al, 1992). Two 






subdivisions of the protein kinase family, based on amino acid sequence 
homologies and substrate specificites have been described, they are the 
protein tyrosine kinases and the protein serine/threonine kinases. On the other 
hand, the protein phosphatase field is not as mature as the protein kinase field 
in that physiological roles for individual protein phosphatases are not yet 
clearly defined (Shabb et al, 1992). Three clones have been matched with 
nonhuman protein kinases (A766, CI54) or protein phosphatases (C420 and 
they are important resources for studies of signal transduction in the fiiture. 
Recent studies demonstrated that interleukin-6, interleukin-S, 
inteiferon-gamma and tumor necrosis factor-alpha were upregulated following 
ischemia and reperfiision. Interleukin-1 beta and interleukin-1 receptor 
antagonist were not expressed at a detectable level in normal heart but were 
induced following global ischemia (Kamikubo et al., 1993). Another study 
� reported that interleukin-5 was not detected in any of the human myocardial 
biopsies (Zhao et al., 1993a; Zhao et al., 1993b) but our results show that 
interleukin-5 receptor is expressed in the human heart. The major source of 
； interleukin-5 is T lymphocytes. Interleukin-5 is a growth factor for eosinophils 
fiA. 
a 
I (Nilsson, 1993). The change in expression level of this receptor during 
I I 





Recently, mRNAs of type V and VI adenylyl cyclase have been 
detected in rat heart (Tobise et al” 1994). Here we reported that these two 
adenylyl cyclases are also expressed in adult human heart. The three 
nonhuman matches that are similar to the canine type V and VI adenylyl 
cyclases (B153, G658, J870) can be used for cloning the human homologs of 
these two proteins. 
, , Proto-oncogenes are normal cellular genes encoding critical regulatory 
)？ • 
H proteins. They are also normal progenitors of the mutated viral oncogenes 
I responsible for acute transformation activity of certain retrovirus (Simpson, 
’ I -
I 1988). Proto-oncogenes found in the human adult heart cDNA library 
�（ included c-myc, c-sis (platelet derived growth factor B chain) and c-syn (Table 
4). c-myc has been implicated in controlling both proliferation and 
differentiation in various cell types (Komuro et al., 1993). Studies of c-sis 
mRNA and the platelet derived growth factor receptor raise the possibility of 
an autocrine or paracrine heart cell growth factor system. Expression of c-sis 
mRNA was detected in neonatal and adult rat myocardium and in isolated 
cells in one study (Claycomb et al, 1987), but not in adult rat myocardium in 
another (Simpson, 1988). The presence of a clone that is matched to c-sis 
supports the result of former study. Proto-oncogene c-syn belongs to the 
protein-tyrosine kinase family. It has been identified in the chromosome 6 
冬 






(Semba et al” 1986). The roles of this gene in adult human heart still need to 
be established. 
Two nonhuman matches are similar to the mouse 14-3-3 epsilon 
isoform (A043) and the rat 14-3-3 gamma isoform (HI 10). The 14-3-3 
proteins comprise a well-conserved family of proteins present in mammalian 
cells as well as in flies, yeast and plants. These proteins have been implicated 
in biochemical processes such as inhibition of protein kinase C, activation of 
tyrosine and tryptophan hydroxylase and stimulation of exocytosis from 
繁 
• V 
adrenal chromaffin cells. Distinct members of the 14-3-3 family may serve 
diverse regulatory roles in the cells (Freed et al” 1994). These two clones in 
the human adult heart cDNA library should assist the cloning of the human 
gamma and epsilon isofoms of 14-3-3 proteins, which in turn will contribute 







7) Transcription and translation 
Genes involved in the protein synthetic machinery are predominant in 
the group. They include the elongation factors and the ribosomal proteins. The 
elongation factor 1-alpha is expressed at a level comparable to cardiac alpha-
actin or tropomyosin while elongation factor 1-beta, l-gamma are expressed 
at a lower level (none and 5 out of 5164 clones, respectively). 
Elongation factor 1 is composed of two distinct parts, a nucleotide-
binding protein, elongation factor 1-alpha and a nucleotide exchange protein 
complex, elongation factor 1-beta-gainma. The molecular weight of elongation 
factor 1-alpha, 1-beta and l-gamma are 50 kDa, 26 kDa and 46 kDa 
respectively (Riis et al., 1990). Therefore, the unexpectedly high frequency 
of appearance of elongation factor 1-alpha is not likely to be due to the 
differenece in sizes of mRNAs. It has been reported that mammalian cells 
treated with chemicals such as phorbol esters and vitamin A have a manifold 
increase in the levels of elongation factor 1-alpha mRNA (Riis et al, 1990). 
The report mentioned above and the observation in this project suggest the 
possibility that elongation factor 1-alpha may play a role in signalling rather 










H19 is a developmentally regulated gene that has tumor-suppressor 
activity. It appears to contain no long translational reading frames and the 
short open reading frames are not evolutionarily conserved (Hao et aL, 1993). 
The function of the H19 gene is unknown. Expression of the H19 gene is 
associated with the differentiation processes that take place during 
development of many tissues. A recent report has shown that H19 was highly 
expressed in 1-day-old rat aorta but was undetectable in the adult rat (Kim et 
al； 1994). Surprisingly, we found that the expression of H19 is very high in 
human adult heart. The role of the gene in adult heart and cardiac hypertrophy 
! 
may be a subject for further investigation. In addition, insulin-like growth 
factor II and H19 genes are highly expressed during embryogenesis and are 
important for fetal growth. The spatial patterns of their gene expression are 
strikingly similar during parts of human embryonic, fetal and early postnatal 
� development. Recently, some researchers have shown that insulin-like growth 
� factor n can induce hypertrophy with increased expression of muscle specific 
genes in cultured rat cardiomyocyte (Adachi et al, 1994). We found that these 
two genes also appear in high frequencies in the adult human heart cDNA 
“ library. The coordinate expression of insulin-like growth factor II and H19 
•V, 
RNA in cardiac hypertrophy may be a topic of future studies. 
Cooperating with my co-worker, Patrick Law, the cDNA coding for 
162 
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human ribosomal protein L29, which is homologous to the rat ribosomal 
protein L29 (Chan W al, 1993)，has been cloned and sequenced and the 
sequence was submitted to GenBank (Accession number: U10248). 
� � . 
I f 
I 
I I • I 
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8) Membrane associated proteins 
1 : n 
E； I r I The exchange of chloride ions and bicarbonate ions across the plasma 
！ 
I 
I membrane of vertebrate cells is a nearly ubiquitous transport mechanism, 
i 
I which contributes in a cell type-specific maimer to the regulation of pH, 
, volume and concentration of chloride ions. Three anion exchangers, AEl, 
t AE2 and AE3, have been cloned and characterized and two isoforms of AE3 
i. 
have also been cloned from human heart (Yaimoukakos et al” 1994). One 
nonexact match that is similar to the red cell anion exchanger (A645) draws 
^ our attention because this clone may contain an insert coding for a new 
isoform of anion exchanger in human heart. In addition, two nonhuman 
matches (A1465 and 716)that are similar to the bovine chloride channel and 
rat chloride channel CLC-Kl were found. Cloning and characterization of 
such chloride channels may reveal an alternate mechanism for controlling the 
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§ We found that 26 human heart cDNA clones have been matched to 
different families of heat shock proteins. Heat shock proteins consist of 
families of proteins with differing functions and their nomenclature are based 
on their molecular weights. 
The 90 kDa family binds actin, a phenomenon modulated by both 
calcium and calmodulin. Their locations are predominately cytoplasmic and 
they are thought to act as chaperons (Yellon et al, 1993). Heat shock protein 
90 is a member of the 90 kDa family, and has two isoforms, alpha- and beta-
encoded in separate mRNA in mammalian cells. Both of the isoforms are 
constitutively expressed even under normal conditions and are increased to 
different degrees under stressfiil conditions; however, whether these isoforms 
have different functions has not been made clear (Kawagoe et al.’ 1993). 
Some researchers believe that heat shock protein 90 is associated with many 
I steroid receptors in tissue homogenates. It is widely accepted that HSP 90 
regulates the binding of steroid receptors to the corresponding gene regulatory 
element (Tuohimaa et al； 1993). A small amount of HSP 90-alpha mRNA 
was normally present in hippocampal cells and the mRNA was further 




et al., 1993). Our results show that heat shock protein 90 appears in 
surprisingly high frequency in the human heart cDNA library (7 clones) and 
this raises questions about the role of this protein in the human heart and the 
change in amount of mRNA after ischemia. 
Proteins of the 70 kDa family bind ATP and, among other functions, 
I are involved in post-translational import of proteins into endoplasmic 
I reticulum and mitochondria. Heat shock protein 70 (72 kDa) induction was 
reported in cardiac muscle after ischemia (Abe et al, 1993) and it is the most 
frequently used marker of the cardiac stress response. Heat shock cognate 
protein (73 kDa) is also a member of the molecular chaperone family. The 
protective role of these two proteins for cells against stressful injury has been 
suggested (Abe et al” 1993; Yellon et al, 1993). 
I Proteins of the 60 kDa family are predominantly mitochondrial and 
they can facilitate the necessary refolding of proteins imported from the 
cytoplasm. (Yellon et al” 1993). The presence of mRNA encoding heat shock 
！ 
I protein 60 was also found in the porcine myocardium under basal condition， 
i 
but there were no changes in its level of expression during ischemia (Andres 




Numerous other lower molecular weight stress proteins exist. 
Similarities among the small, 20-30 kDa heat shock protein of different 
organisms are only evident upon examination of the amino acid sequences 
(Hickey et al” 1986). The most well known member in man is heat shock 
protein 27. Heat shock protein 27 mRNA is expressed in many human tissues 
f and at high levels in the heart and other tissues composed of striated and 
smooth muscles (Andres et al, 1993; Kato et al, 1992). At least four small 
i heat shock proteins have been cloned from Drosophila (Hickey et al” 1986) 
but only one cDNA coding for small heat shock protein (HSP27) has been 
cloned in human. Therefore, more human small heat shock proteins remain to 
be cloned. 
Two nonexact human matches (A076，E658) that are similar to the 
chicken inhibitor of actin polymerization (Miron et al” 1991) also drew our 
attention. Collaborating with my coworker, Wai-yip Lam, we have cloned a 
novel small heat shock protein named heat shock protein 26.7 by these two 
i cDNA clones (GenBank accession number: U15590). Whether this protein is 











10) Other metabolism 
The most abundant cDNA in this group is ubiquitin (8 out of 5164 
clones). Ubiquitin was first isolated from bovine thymus. It is a 76-ainino acid 
protein that is apparently present in all eukaryotic cells. Ubiquitin-protein 
I 
I 
conjugates are thought to have important functions in protein catabolism, and 
^ they may also play a role in the regulation of gene expression through the 
i 
W ubiquitinated histories (Kirchhoff et al.’ 1988). 
t 
There are totally 21 clones (35% of clones in this family) in this groups 
related to protein degradation. They are ubiquitin, ubiquitin activating enzyme 
El, ubiquitin conjugated enzyme, polyubiquitin, calcium activated neutral 
protease, calcium dependent protease, protease S4, proteasome-like protein, 
lysosomal serine carboxypeptidase, carboxypeptidase N, cathepsin B and 
macropain subunit zeta. Such a high level of proteinases may be related to the 
fact that adult cardiac myocytes lose their proliferative capacity and acquire 
the terminally differentiated phenotype shortly after birth (Chien et al, 1993； 
Fishman et al, 1994). 
168 
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Enteroviruses, particular coxsackieviruses, are believed to be the most 
common viral agents for the pathogenesis of human myocarditis. Some 
molecular studies have suggested that viral myocarditis frequently underlies 
human congestive cardiomyopathy (Jin et al” 1990). It is interesting that three 
I � human heart cDNA clones are similar to viral genome: the retrovirus HERV-
K22 (J276), the retrovirus RTVL-H2 (H965) and the Epstein-Barr virus 
(K096). The endogenous retrovirus RTVL-H2 genome has type C pol f . . 
I sequences and gag sequences that are related to T-cell lymphotrophic virus 
(Mager et al., 1987). Whether the presence of such viral RNAs is related to 




4.4 Importance of nonhuman matches and nonexact matches 
Totally there are 217 clones that have been matched to nonhuman 
genes. Similarities to nonhuman genes enable us to speculate on their function 
in human (Tugendreich et al” 1993). For example，Figure 18 shows the result 
of comparing one EST with the GenBank database using BLASTN. This clone 
probably contains insert coding for the human homolog of glycogen synthase 
I kinase 3 alpha. 
Those clones that do not contain the full length cDNA of that gene are 
also useful because the insert can be used as probes to screen the cDNA 
library for full length clones by hybridization (Bloem et al” 1990) or PCR 
(Amaravadi et al, 1994; Asundi et al, 1990; Israel, 1993; Sang et al, 1994; 
Takumi et al, 1994). Alternatively, the full length cDNA can be generated 
using human heart mRNA as the starting material (Apte et al, 1993; Barnard 
！ 
et al.，1994; Dorit et al” 1993; Frohman et al.，1993; Geiger et al, 1993; 
I Weis, 1994). Other EST sequencing groups have used their nonhuman 
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I Figure 18 DNA sequence alignment of an EST sequence with the rat 
？i 
glycogen synthase kinase 3 alpha. For the alignment, the top sequence is the 
e s t sequence and the bottom sequence is the rat glycogen synthase kinase 3 
alpha being compared. 
^ 、 ： 
>gb|X53427|RNGSK3A Rat mRNA for glycogen synthase kinase 3 alpha(EC 2.7.1.37) 
Length = 2155 
Score = 1019(281.6 bits). Expect = 1.4e-77, P = 1.4e-77 
Identities = 219/238 (92%), Positives 二 219/238 (92%), Strand = Plus 
！ t .i-
E S T 1 C C A C T G C A A T A T T G T G A G G C T G A G A T A C T T T T T C T A C T C C A G T G G C G A G A A G A A A G A C G A 6 0 111111111111 I III 丨 1111 I 11 丨 I III I M 111111 m 丨 I I I I I I I I I I I I I 
r G S K 6 3 0 C C A C T G C A A T A T C G T G A G G C T G C G G T A C T T T T T C T A C T C C A G T G G G G A G A A G A A A G A T G A 6 8 9 
EST 61 G C T T T A C C T A A A T C T G G T G C T G G A A T A T G T G C C C G A G A C A G T G T A C C G G G T G G C C C G C C A 120 
�� I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II 
r G S K 6 9 0 G C T G T A T T T A A A T C T G G T G C T G G A A T A T G T G C C C G A G A C C G T G T A C C G A G T G G C C C G T C A 7 4 9 
EST 121 C T T C A C C A A G G C C A A G T T G A C C A T C C C T A T C C T C T A T G T C A A G G T G T A C A T G T A C C A G C T 180 III I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
r G S K 7 5 0 C T T T A C C A A G G C C A A G T T G A T C A T C C C T A T C A T C T A T G T C A A G G T G T A C A T G T A C C A G C T 8 0 9 
E S T 1 8 1 C T T C C G C A G C T T G G C C T A C A T C C A C T C C C A G G G C G T G T G T C A C C G C G A C A T T A A G C C C 2 3 8 
111111 11111111111111111111111 11 11 丨 11111111 111 i I m m 
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In genes that have short coding regions, a single clone may include the 
I 
whole coding region of that gene; for example, the human cysteine-rich heart 
I protein (Tsui et al” 1994b). The heat shock protein 26.7 has also been cloned 
I by two overlapping ESTs in the adult human heart cDNA library (Lam et al., 
personal communication). 
At the end of 1994，Merck and Company, Inc. has finalized an 
agreement with the Genome Sequencing Centre at Washington University of 
United States to sequence 400,000 ESTs, each representing approximately 400 
base pairs of "single pass" sequence, from the 5' and 3, ends of 200,000 
human cDNA clones (Cohen et al, 1994). The clones will be derived from 
various tissues and developmental stages and thus represent a large fraction 
of the human gene repertoire. New cDNA sequence from the Washington 
University will be submitted on a daily basis to dbEST (Boguski et al” 1993) 
and made immediately available to the public through GenBank and its 
international collaborators, the European Bioinformatics Institutes and the 
DNA database of Japan. As the number of ESTs accumulates, some genes 
with larger coding regions may be fully sequenced by simply overlapping 
I those clones that matched to the same nonhuman gene (Fields et al, 1994; 
Liew et al., 1994). For example, I have used 3 ESTs in the adult human heart 
cDNA library and 11 ESTs from the dbEST to assemble the open reading 
j 
I 172 
j • i 
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11 Discussion 
i I frame of the human homolog of mouse granuloma associated factor (Figure 
: I I 19), named hGAF. Figure 20 shows the DNA sequence alignment between 
‘ ： hGAF and the mouse granuloma associated factor (GenBank accession 
I : 
number: L17305). Comparison of the translated protein sequence ofhGAR 
1 •• 
with the protein sequence of mouse granuloma associated factor has also been 
done (Figure 21). The similarity between the two DNA sequences is 98.0% 
I while similarity for protein sequences is 97.2%. 
I i ：决’； 
I 
I ::� 
If the overlapping EST sequences in the database only provide the 
* information of the 5 �-end with the start codon of nonhuman matches, full 
length cDNAs can be obtained by polymerase chain reaction using the adult 
human heart cDNA library as template. Cloning primer 
(5TAGGGCCA1A1G XXXXXXXXXXXXXXXXXXXXX3') and an oligo-
dT primer rSTAGGGC GAATTCTTTTTTTTTTTTTTTTTT3') can be used. 
The stretch of X represents the sequence after the start codon. An Ndel site 
and an EcoRI site are present in the cloning primer and the oligo-dT primer 
respectively. Both primers have an end-clamp (TAGGGC) which facilitated 
cleavage by the restriction enzyme (MacFerrin et al, 1993). After cutting with 
restriction enzymes, the PCR product was subcloned into the ATG site of the 
T7 expression vector pAED4. Then the full length cDNA can be subjected to 
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If I Figure 19 The cDNA and amino acid sequences of the human homolog of 
f mouse granuloma associated factor (hGAF). In the DNA sequence, the start 




1 M Q 2 
1 GTC CAA TTA AGA CAA GAA TTT GGT CAT TTT GAA GTT GAT ACG ATG CAA 48 
辟‘ I 
3 S G K T R G D V L V T I T E R L 18 
; I 4 9 TCT GGT AAA ACA CGT GGC GAT GTT TTA GTG ACC ATC ACA GAA CGA TTG 96 
I 1 9 S R Q H I M R H V S G R N S Q A 34 
： 97 AGT CGA CAA CAT ATC ATG AGA CAT GTC AGT GGG CGC AAT AGT CAG GCA 144 I I 
、 3 5 V T P A I I R F F K G I K N A K 50 
145 GTG ACA CCA GCT ATT ATT AGG TTT TTC AAG GGT ATA AAA AAT GCT AAA 192 I 
51 s I T V D H G R E F A K Y D E I 66 
193 TCA ATT ACA GTT GAT CAC GGT CGA GAG TTT GCA AAA TAT GAT GAA ATA 240 
6 7 E E Q L G I P M Y F A H P Y S P 82 
241 GAA GAA CAG CTA GGC ATA CCG ATG TAT TTT GCG CAC CCA TAT TCA CCA 288 
8 3 E E R G S N E V L N R Y V R R F 98 
289 GAA GAA CGT GGT AGT AAT GAA GTG CTG AAT CGA TAT GTC CGT CGT TTT 336 
-" 9 9 I P K E R K I E T I S Q K E L E 114 
- 337 ATC CCA AAA GAA CGC AAA ATT GAA ACC ATC AGT CAG AAA GAA TTA GAA 384 
115 Q I N H W V N A R P M K T L N W 130 
三: 385 CAA ATC AAT CAT TGG GTT AAT GCC AGA CCA ATG AAA ACA CTC AAC TGG 4 32 
1 3 1 Q S P R K V F Q Q H A V F G * 145 
433 CAA TCA CCA CGC AAA GTC TTT CAG CAA CAT GCG GTG TTC GGA TGA TTC 480 




1 ~ i Figure 20 Alignment of DNA sequences of human granuloma associated 
5 factor (hGAF) and mouse granuloma associated factor (mGAF). The 
alignment was performed using DNASIS. Nucleotides that were identical 
_ between the two sequences were marked by •:' while those that were different 
輩 were left blank. 
I I 
10 20 30 40 50 60 
’ H G A F . S E Q G T C C A A T T A A G A C A A G A A T T T G G T C A T T T T G A A G T T G A T A C G A T G C A A T C T G G T A A A A C A 
MGAF.SEQ GTCCAATTAAGACAAGAATTTGGTCATTTTGAAGTTGATACGATGCAATCTGGTAAAACA 
丨 3 0 4 0 5 0 6 0 7 0 8 0 
；丨： 7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 
： “ H G A F . S E Q C G T G G C G A T G T T T T A G T G A C C A T C A C A G A A C G A T T G A G T C G A C A A C A T A T C A T G A G A C A T ：I MGAF.SEQ i(i"iSi&i(^i"iirGACCATCACAGAACGATTGACTCGACAACATATCATGAGM:AT 
I 90 100 110 120 130 140 
I 130 140 150 160 170 180 
I H G A F . S E Q G T C A G T G G G C G C A A T A G T C A G G C A G T G A C A C C A G C T A T T A T T A G G T T T T T C A A G G G T A T A 
-W 二 J 二！二 二二二 = Z = = 二 ：： 二二： 二二 ：： 二 = 二  ：： 二  ： = 二二二 二  二二二 ：：： 二 
i M G A F . S E Q G T C A G T G G G C G C A A T A G T C A G G C A G T G A C A C C A G C T A T T A T T A G G T T T T T C A A G G G T A T A 
f 150 160 170 180 190 200 
I 190 200 210 220 230 240 
I H G A F . S E Q A A A A A T G C T A A A T C A A T T A C A G T T G A T C A C G G T C G A G A G T T T G C A A A A T A T G A T G A A A T A f : : : : : : : : : : : : : : : : : : : : : : : : : 
： M G A F . S E Q A A A A A T G C T A A A T C A A T T A C A G T T G A T C A C G G T C G A G A G T T T G C A A A A T A T G A T G A A A T A 
‘ 210 220 230 240 250 260 
250 260 270 280 290 300 
H G A F • S E Q G A A G A A C A G C T A G G C A T A C C G A T G T A T T T T G C G C A C C C A T A T T C A C C A G A A G A A C G T G G T 
M G A F . S E Q G A A G A A C A G C T A G G C A T A C C G A T G T A T T T T G C A C A C C C A T A T T C A C C A G A A G A A C G T G G T 
270 280 290 300 310 320 
310 320 330 340 350 360 
H G A F . S E Q A G T A A T G A A G T G C T G A A T C G A T A T G T C C G T C G T T T T A T C C C A A A A G A A C G C A A A A T T G A A 
M G A F . S E Q A G T A A T G A A G T G C T A A A T C G A T A T G T C C G T C G T T T T A T C C C A A A A G A A C G C A A A A T T G A A 
330 340 350 360 370 380 
370 380 390 400 410 420 
HGAF.SEQ ACCATCAGTCAGAAAGAATTAGAACAAATCAATCATTGGGTTAATGCCAGACCAATGAAA 
M G A F . S E Q A C C A T C A G T C A G A A A G A A T T A G A T C A A A T T A A T C A T T G G A T T A A T G C C A G G C C A A T G A A A 
390 400 410 420 430 440 
430 440 450 460 470 480 
HGAF.SEQ ACACTCAACTGGCAATCACCACGCAAAGTCTTTCAGCAACATGCGGTGTTCGGATGATTC 
MGAF.SEQ ACGCTCAACTGGCAATCACGACGAAAAGTCTTTCAGAAACATGCGGTGTTCGGATGATTC 









, 1 Figure 21 Alignment of amino acid sequences of hGAF and mGAF. The 
_ alignment was performed using DNASIS. Amino acids that were identical 
• between the two sequences were marked b y w h i l e those that were similar 
f were marked by '.’. Those amino acids that were different between the two 
i 塞 sequences were left blank. 
I 
{( 1 0 2 0 3 0 4 0 5 0 6 0 
H G A F . A M I M Q S G K T R G D V L V T I T E R L S R Q H I M R H V S G R N S Q A V T P A I I R F F K G I K N A K S I T V D H G R E F 
X : : : : : : : : : : : : : : : : : . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
M G A F . A M I M Q S G K T R G D V L V T I T E R L T R Q H I M R H V S G R N S Q A V T P A I I R F F K G I K N A K S I T V D H G R E F 
1 0 2 0 3 0 4 0 5 0 6 0 
7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 
H G A F A M I A K Y D E I E E Q L G I P M Y F A H P Y S P E E R G S N E V L N R Y V R R F I P K E R K I E T I S Q K E L E Q I N H W V M G A F . A M I A K Y D E I E E Q L G I P M Y F A H P Y S P E E R G S N E V L N R Y V R R F I P K E R K I E T I S Q K E L D Q I N H W I 
7 0 8 0 9 0 1 0 0 1 1 0 1 2 0 
1 3 0 1 4 0 
H G A F . A M I N A R P M K T L N W Q S P R K V F Q Q H A V F G f : : : : : : : : : : : : : : : : : : . : : : :X 
1 M G A F . A M I N A R P M K T L N W Q S P R K V F Q K H A V F G 







靈 4.5 Effects of agar and agarose on Vent^^ and Taq DNA 
“急 polymerase 
I I At the cellular level, bacto-agar was found to be toxic to some 
t mammalian cells (Kuroki, 1975) and agar was also found to inhibit certain 
I 
I strains of polio virus (Takemori et al； 1960; Takemoto et al., 1961). The 
！ toxicity of agar seems to be due to the presence of sulfated polysaccharides 
(Takemoto et al., 1961). Such acidic and sulfated polysaccharides can inhibit 
I ‘ normal cell multiplication (Macpherson et al., 1973). Whether such inhibitory 
I effects can be correlated to the inhibition of polymerases is a subject of 
I 
further investigation. 
At the molecular level, agar contains inhibitors that can interfere with 
restriction, ligation and other enzymes involved in DNA manipulation 
(Bainbridge et al； 1991). Our results show that the inhibitory effect seems to 
be different for different enzymes; agar strongly inhibited Vent™ DNA 
polymerase and Vent™ (exo") DNA polymerase but only moderately inhibited 
Native Taq DNA polymerase and AmpliTaq™ DNA polymerase. Taq DNA 
polymerase was found to be inhibited by dextran sulfate (an acidic 
polysaccharide) (Demeke et al., 1992). Taq DNA polymerase has significant 




||： al； 1991; Lawyer et al., 1989) while Vent™ DNA polymerase is sensitive to 
f aphidicolin and has significant amino acid sequence similarity with human 
� DNA polymerase a (Perler et al., 1992; Wang et al.，1989). Since Taq DNA 
f 
J polymerase and Vent™ DNA polymerase belong to different DNA 
: polymerase families and have different critical residues involved in the 
i polymerization fimction, differences in sensitivities to inhibitors can be 
I '' expected. The components in agar that inhibit Vent™ DNA polymerase have not » i been identified. However, we believe that the sulfated carbohydrate in agar is 
.ii: 
. 
the inhibitory factor for the following reasons (Tsui et al” 1995). Firstly, in 
the presence of element sulphur, higher growth rates of Thermococcus 
litoralis were observed (Belkin et al, 1985). On the other hand, Vent™DNA 
polymerase and Vent™ (exo ) DNA polymerase prefer sulphate containing 
buffer. The sulphate ions may play a role in the polymerization reaction by the 
Vent™DNA polymerase and that the sulphate groups in sulfated carbohydrate 
may compete with the sulphate ions in the reaction buffer and thus exert its 
inhibitory action. 
Secondly, lOO^g/ml of carrageenan was sufficient to inhibit Vent™ 





carrageenan was used as an analog of sulfated carbohydrate in agar. The 
carrageenan is mostly an alternating polymer of p-D-galactose-4-sulphate and 
3,6-aiihydro-a-L-galactose-2-sulphate (Anderson et al., 1969). 
Thirdly, agarose has less inhibitory effect on Vent™ DNA polymerase. 
Agarose is the neutral fraction of agar, which is devoid of sulfated 
polysaccharides. Therefore, agarose can be used to replace agar when Vent™ 
DNA polymerase is used in order to obtain a higher fidelity in DNA synthesis. 
This finding suggested that one should replace agar by agarose if Vent™ DNA 
polymerase is used for PCR. If Vent™ DNA polymerase is successfully used 
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4.6 EUmmation of the purification of the PCR products before 
sequencing 
Unreacted primers and dNTPs in the unpurified PCR products are the 
major components interfering with successful direct sequencing. The 
unreacted PCR primers can compete with the labelled primer for binding to 
the DNA template and decrease the overall signal of the sequencing. On the 
other hand, unreacted dNTPs change the optimal dNTPs to ddNTPs ratio and 
hence decrease the chance of the incorporation of the ddNTPs. We realized 
that if the majority of primers and dNTPs used in PCR are consumed and 
minimum amounts of these two components are carried over to the sequencing 
reactions, the purification step becomes uimeccessary. Therefore, to eliminate 
the purification step before sequencing, four modifications on commonly used 
protocol were employed. Firstly, only a slight excess of primers was used for 
PCR. Such amount was determined experimentally for each new batch of PCR 
primers. Secondly, the number of cycles for PCR was increased to 35 cycles 
to deplete the unreacted primers and dNTPs. Thirdly, minimal amounts of 
PCR products were used for sequencing to minimize the carry-over of 
unreacted primers and dNTPs. This was determined by examining a range of 
PCR product concentrations to be used. It was found that 80-120 ng ina total 
reaction volume of 50 i^l to be optimal for fragment sizes from 0.5 kb to 3.0 
180 





kb. Lastly, we used 2 to 4X more dye-labelled primer to compete with the 
unlabelled PCR primers. 
Where primers and nucleotides were concerned, we found that a 
concentration of 250nM for each primer and 200^M for each dNTP in the 
PCR reactions to work best for the range of insert size we studied. Assuming 
the volume of the PCR reaction mixture to be 50 pi and 2.5 is used for 
sequencing, the maximum amount of primer and dNTP carry-overs to the 
sequencing reaction are only 12.5nM for each primer and lO^M respectively. 
Since we currently use I6O11M of fluorescein-conjugated primer and 20^M of 
dNTPs in the sequencing reaction, the problem of carry-over is not serious by 
the above calculation. However, when such a higher concentration of 
fluorescein-conjugated primer was used, sequence can only be obtained 
starting from the 30th-50th base pair from the primer. 
Previously, attempts to eliminate the purification step have been made, 
like the coupled amplification and sequencing (CAS) procedure (Ruano et al” 
1991). This method uses small amounts of PCR primers (0.1 ^ M each) and 
dNTPs (lO^M each) to tackle the problem of cany-over. However, CAS is not 
suitable for large scale sequencing projects involving templates with a wide 






i primer and dNTPs for their amplification. In this context, our method has I I' certain advantages. Firstly, it can be used for a wide range of insert sizes so 
i� 
I 
^ that optimization is not necessary (cf CAS, where target sizes are between 
^ 300-500 base pairs). Secondly, a single PCR reaction can generate enough 
I 
i f templates for 25 sequencing reactions. The excess template can be utilized for 
I other purposes such as cloning or preparing radioactive probes. Thirdly, the 
I 
present method is more versatile and can be applied to either radioactive or 
nonradioactive sequencing. On the other hand，Adams and his co-workers 
have reported that about half of the templates prepared by PCR failed to yield 
an amplified fragment suitable for sequencing. This was primarily due to use 
f of PCR conditions that minimized the need for further purification of the 
I 
product but selected against amplification of long inserts (Adams et al, 1991). 
Obviously, this problem has been lessened by our method which routinely 
gives a 70% success rate. 如 
Previously, filters costing US$ 3.00 each were used to purify PCR 
products before sequencing. In our laboratory, 10,000 clones are sequenced 
per year. The abbreviated procedure represents a saving ofUS$ 30,000, and 
a reduction in cost of material from 2.9 to 1.7 US cents per base pair (Pon et 
al., 1994), i.e. a decrease of 41%. The time saved also increased the 
sequencing output; sequences can be obtained on the same day starting from 
182 
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^ phage plaques. Using only two A.L.F. sequencers (Pharmacia), we were able 

















'.i . 4.7 The possible role of CRIP and hCRIP 
The cDNA that encodes for the cysteine-rich intestinal protein (CRIP) 
was first isolated and identified from a rat intestinal cDNA library 
(Birkemneier et al., 1986). CRIP was thought to be a zinc carrier that binds 
I to zinc during transmucosal zinc transport of rats (Hempe et al” 1991). Some 
I 
results suggested that CRIP and intestinal metallothionein competitively bind 
zinc during zinc transport (Hempe et al, 1992). Alternatively, the observation 
of zinc transport may be explained if CRIP had the properties of metal 
exchange (Kosa et al, 1994). Also, it has been shown that CRIP level is not 
primarily dependent on zinc level (Levenson et a/., 1994). On the other hand, 
r. 
the administration of dexamethasone, a glucocorticoid, would lead to a 
precocious rise of CRIP in rat neonate (Levenson et al； 1993b). With the 
information that the level of CRIP in the small intestine of rat would change 
with the developmental stages of the small intestine (Birkemneier et al, 
1986), it was postulated that CRIP may mediate the action of glucocorticoid 
in the development of the small intestine (Needleman et al, 1993). 
� 
At this moment, the exact fimction of CRIP is still under investigation. 
Our results show that the human homolog of CRIP, hCRHP, is 
developmentally regulated in heart in a different pattern to that in the 




intestine. This supports the idea that CRIP or hCRHP is not an intestine-
specific protein. The change in expression during development, the excess of 
basic residues and existence of zinc finger motifs suggest that hCRHP may be 
involved in transcriptional regulation of gene expression during the 
development of heart (Tsui et al.，1994b). 
Recently, one study demonstrates that the LIM domains in zyxin 
function as a specific protein-binding interface (Schmeichel et al., 1994). At 
the same time, another study supports a specific role for protein dimerization 
I ‘ 
in the function of proteins containing the LIM domain (Feuerstein et al., 
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I 4.8 Future prospects I I 
i 
k. � 
t When the number of cDNAs sequenced increases, techniques to reduce 
p.... 
I repeated sequencing of clones will become increasingly important (Adams et 
al.’ 1991). The use of library preprocessing techniques such as subtraction 
I (Duguid et al, 1989; Fargnoli et al.，1990; Gieser et aL, 1992; Lopez-
Fernandez et al., 1993; Rodriguez et al” 1992; Sharma et aL, 1993), which 
preferentially reduces the population of certain sequences in the library, and 
normalization (Ko, 1990; Patanjali et al., 1991; Sasaki et aL, 1994), which 
results in all sequences being represented in approximately equal proportions 
! in the library, should reduce repeated sequencing of high and intermediate 
abundance clones and maximize the chances of finding rare messages from 
human heart at different developmental stages. 
This approach can be extended to other libraries such as the human 
fetal heart cDNA library (Hwang et al, 1994a; Hwang et al” 1994b) or cDNA 
libraries prepared from patients with heart diseases. All the clones can be 
treated as a collection of human probes, except those that matched to 
ribosomal RNA, mitochondrial genome and repetitive sequence. If the PCR 
products of such clones are dotted onto duplicate membrane filters, one set of 
membrane screened by radioactive probe prepared from a disease human heart 
i 
！ 1 8 6 
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tissue and another set screened by that from a normal tissue, the difference in 
expression in particular genes can be found and the result may be used for 
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